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a*=(/-!G! H!Q70U$-!09*&)+/,6('!0(!8E7,+/0-#!3N!4+! $*=+6(/-!0-! $%+/6U/-! *&6-/J-&6/*,($+*/-!
+&65/*-(/-!M3"PN!-'6!/5+$*'5-!-&6/-! $%+/6U/-!<($87&*+/-!-6! $%+(/*,($-!=+(,A-#!:N!4+!i7&-!
*&)+/,*-!-'6!J*'(+$*'5-!<+/!$-!F$+&,A*8-&6!0(!8E7,+/0-!#################################################################!RB!
a*=(/-!O! H! Y/-))-! 0-'! ,-$$($-'#! 3</U'! '65/&7678*-! $+! i7&-!0-! )*F/7'-! -'6! /-<5/5-!<+/! $-!
F$+&,A*''-8-&6!0-!$+!,*,+6/*,-!####################################################################################################################!RR!












a*=(/-!>D! H! d-</5'-&6+6*7&! =/+<A*1(-!0-! $%5J+$(+6*7&!0-! $+! )*F/7'-! -&6/-! $-'! 0*))5/-&6'!
=/7(<-'!#################################################################################################################################################################!VO!
a*=(/-! >V! H! .+/+,65/*'+6*7&! 0-! ,($6(/-'! 0%3IK.! '(/! $-! '(<<7/6! 6A-/87'-&'*F$-! <+/!
/+<<7/6!Z!(&!'(<<7/6!,$+''*1(-!##################################################################################################################!V]!
a*=(/-!>G!H!.78<+/+*'7&!0-!$%-C</-''*7&!0-'!=U&-'!0-!$+!Q;.!-&6/-!(&-!,($6(/-!0-'!3IK.!















a*=(/-!BR!H!.+/+,65/*'+6*7&!0-'!,-$$($-'!=/-))5-'!B!87*'!+</U'! $+! ! 6/+&'<$+6+6*7&!=/m,-!Z!
0-'! 07(F$-'! 8+/1(+=-'! H! +&6*TYaSL+&6*T.IG]! M3T.N\! +&6*TYaSL+&6*T+3,6*&*&-! MITaN! -6!






a*=(/-! BV! H! I56-/8*&+6*7&! 0(! &78F/-! 0-'! ,-$$($-'! A(8+*&-'! +(! '-*&! 0-'! 0-(C! <+6,A'!
Y;4a"4Qb!!"#$!&'%!Z!<+/6*/!0-!$+!,7(/F-!056+$7&&+=-!######################################################################!O?!
a*=(/-!BG! H!Q+/1(+=-!0-'!0*))5/-&6-'!<7<($+6*7&'! ,7$7&*'+&6! $-!<+6,A! ,78<7'*6-!Z! )7/6!
=/7''*''-8-&6!####################################################################################################################################################!O>!









3! H! Y/7(<-! Y;4a"4Qbn! :! H! Y/7(<-! Y;4a"4Qb! ,78<7'*6-#! 4-'! ,A*))/-'! Z! $+! F+'-! 0(!





























































































49*&'())*'+&,-! ,+/0*+1(-! M".N! -'6! (&! 'E&0/78-! ,$*&*1(-! ,78<$-C-! /5'($6+&6! 0-!
$9+$65/+6*7&!0-!$+!)7&,6*7&!0-!$+!<78<-!,+/0*+1(-!M/-8<$*''+=-!-6L7(!5X-,6*7&!0(!'+&=N#!
;&! </+6*1(-\! $+! K7,*565! ;(/7<5-&&-! 0-! .+/0*7$7=*-! M;K.N! </7<7'-! (&-! 05)*&*6*7&!
/-<7'+&6! '(/! $9+''7,*+6*7&! 0-! 6/7*'! ,/*6U/-'\! 07&6! $-'! 0-(C! </-8*-/'! '7&6!
*&0*'<-&'+F$-'M>NH!
T! K*=&-'! ,$*&*1(-'! 09".! M0E'<&5-\! +'6A5&*-\! /56-&6*7&! AE0/7'705-! ,7&0(*'+&6! Z! $+!
,7&=-'6*7&!<($87&+*/-!-6L7(!+(C!k0U8-'!<5/*<A5/*1(-'N!





W&! *&0*J*0(+$*'-! A+F*6(-$$-8-&6! 0-(C!85,+&*'8-'! 0-! 0E')7&,6*7&! J-&6/*,($+*/-!
=+(,A-!MPYN#!*N!4-'!0E')7&,6*7&'!'E'67$*1(-'!0(!J-&6/*,($-!=+(,A-\!7q!$-!J-&6/*,($-!+!(&-!
*&,+<+,*65! Z! '-! J*0-/! ,7//-,6-8-&6\! ,7&0(*'+&6! Z! (&-! )/+,6*7&! 095X-,6*7&! Ma;N! +$65/5-!
*&)5/*-(/-! Z! DVr#! **N! 4-'! *&'())*'+&,-'! J-&6/*,($+*/-'! =+(,A-'! Z! )7&,6*7&! 'E'67$*1(-!
</5'-/J5-! Ma;PYsDVrN\! +<<-$5-'! +(''*! )"3'II)3-"(/* (-$&)-K'/* &)-3#%.)K'/\! 0+&'!






W&! 0*'6*&=(-! 5=+$-8-&6! $9)"3'II)3-"(/* (-$&)-K'/* -)>'M! -6! $9)"3'II)3-"(/*
@/"#$)('.-)$/* >-'(5/* (5$%")K'/#! 4+! </-8*U/-! ,7//-'<7&0! $-! <$('! '7(J-&6! Z! $+!
05,78<-&'+6*7&! 09(&! 56+6! ,A/7&*1(-! +J-,! +<<+/*6*7&! F/(6+$-! -6! </7=/-''*J-! 09(&-!
0E'<&5-!,+/0*7=5&*1(-\!,+/+,65/*'5-!<+/!0-'!'*=&-'!0-!,7&=-'6*7&!<($87&+*/-!<7(J+&6!

















Z! 2D! +&'#! ""! E! +! R\V! 8*$$*7&'! 0-! ,7&'($6+6*7&'! -6! >V?! ???! A7'<*6+$*'+6*7&'! <7(/!
*&'())*'+&,-!,+/0*+1(-!<+/!+&\!+J-,!(&-!0(/5-!87E-&&-!0-!'5X7(/!0-!>>!X7(/'#!S$('!0-!RB!
???! 05,U'! +&&(-$'! '7&6! +66/*F(+F$-'! Z! $%*&'())*'+&,-! ,+/0*+1(-#! 4-'! 05<-&'-'! $*5-'! +!!
,-66-!8+$+0*-!/-</5'-&6-&6!<$('!0-!>r!0-'!05<-&'-'!850*,+$-'!676+$-'!MGN#!
4+!'(/J*-!Z!,*&1!+&'!'%+<<+/-&6-!Z!,-$$-'!/-6/7(J5-'!0+&'!$-'!,+&,-/'!0(!'-*&\!0-!$+!
J-''*-\! 0(! ,7$7&\! 0-! $%7J+*/-! -6! 0-! $+! </7'6+6-! MON#! .-<-&0+&6\! 0-! /5,-&6-'! 56(0-'!
87&6/-&6!(&-!0*8*&(6*7&!0-'!,A*))/-'!0-!$+!87/6+$*65\!=/m,-!&76+88-&6!Z!$%+85$*7/+6*7&!
0-! $+!</*'-!-&!,A+/=-!850*,+8-&6-('-!M"&A*F*6-(/'!0-! $%-&iE8-!0-!,7&J-/'*7&!M";.N!-6!
Ft6+F$71(+&6'N!-6!Z! $+! /-'E&,A/7&*'+6*7&!F*TJ-&6/*,($+*/-! M]N#!I-'! 6/+*6-8-&6'!-))*,+,-'!





3(C! ;6+6'T`&*'\! *$! E! +! +<</7C*8+6*J-8-&6! V!8*$$*7&'! 09385/*,+*&'! 1(*! '7())/-&6!






???! Z! <$('! 0-! >!8*$$*7&! M>>N#! 4-! &78F/-! 0-! <+6*-&6'! *&'())*'+&6'! ,+/0*+1(-'! <7(//+*6!


















$-! 6/+*6-8-&6!850*,+8-&6-(C!<+/! $%+0X7&,6*7&!0%*&A*F*6-(/'!0-! $%-&iE8-!0-!,7&J-/'*7&\!
$%+''7,*+6*7&! 0-'! Ft6+F$71(+&6'! -6! /5,-88-&6! $-! 6/+*6-8-&6! 5$-,6/*1(-!
M/-'E&,A/7&*'+6*7&! F*TJ-&6/*,($+*/-! -6! 05)*F/*$$+6-(/N! 7&6! /-</5'-&65! 0-'! </7=/U'!
*8<7/6+&6'!0+&'!$+!</*'-!-&!,A+/=-!0-!$%".#!!!
@7(6-)7*'\! 0+&'! $-'! )7/8-'! =/+J-'! 1(*! /5'*'6-&6! Z! ,-'! 6/+*6-8-&6'\! $-! '-($!
6/+*6-8-&6! /+0*,+$! /-'6-! $+! 6/+&'<$+&6+6*7&! ,+/0*+1(-! 7/6A767<*1(-#! ;$$-! &-! <-(6!
&5+&87*&'!t6/-!</7<7'5-!1(%Z!(&!&78F/-!/-'6/-*&6!0-!8+$+0-'!'7())/+&6!0%*&'())*'+&,-!
,+/0*+1(-! 6-/8*&+$-! MB?\B>N! -6! /-'6-! =/-J5-! 0%(&-! 87/F*T87/6+$*65! 1(*! &%-'6! <+'!
&5=$*=-+F$-! M</*&,*<+$-8-&6! 0(-! +(! /-X-6! ,A/7&*1(-! -6! +(C! ,78<$*,+6*7&'! 0-!
$%*88(&7'(<</-''*7&N#! S+/! +*$$-(/'\! $+! 0*'<7&*F*$*65! /50(*6-! 0-! =/-))7&'\! 1(*! J+! -&!
'%+==/+J+&6! 0+&'! $-'! <+E'! 7,,*0-&6+(C\! 0*8*&(-! -&,7/-! $-'! <7''*F*$*65'! 0-!
6/+&'<$+&6+6*7&#!!
S$('*-(/'!+<</7,A-'! 6A5/+<-(6*1(-'!+$6-/&+6*J-'! *&&7J+&6-'! '7&6!07&,!-&!,7(/'!








K-$7&! $%+/6*,$-! 4! >B>>T>! 0(! ,70-! 0-! $+! K+&65! S(F$*1(-\! ^! $+! 6A5/+<*-! ,-$$($+*/-!
,7&,-/&-!$-'!</70(*6'!F*7$7=*1(-'!Z!-))-6!6A5/+<-(6*1(-!*''('!0-!</5<+/+6*7&!0-!,-$$($-'!
J*J+&6-'!A(8+*&-'!7(!+&*8+$-'!_#!




,+/0*78E7,E6-'! 1(*! '-! 0-J-$7<<-! +</U'! $%*&)+/,6('! '7*6! 0-! )+*F$-! *8<7/6+&,-! -6! &-!
<-/8-66-! <+'! 0-! ,78<-&'-/! $+! <-/6-! ,-$$($+*/-#! ;&! $%+F'-&,-! 0%(&-! /-J+',($+/*'+6*7&!
</5,7,-!-6!-))*,+,-\! $+!$5'*7&!0-J*-&6!*//5J-/'*F$-!-6!,7&0(*6!Z!(&-!,*,+6/*'+6*7&!)*F/-('-!
AE<7z*&56*1(-\! +z*&56*1(-! 7(! 0E'z*&56*1(-\! +*&'*! 1(%Z! (&-! +==/+J+6*7&! 0(! /-870-$+=-!
J-&6/*,($+*/-#! 4+! <+/7*! J-&6/*,($+*/-! 0-J*-&6! <$('! )*&-! -6! (&-! 0*$+6+6*7&! 0-'! ,+J*65'!
,+/0*+1(-'! '(/J*-&6#! I+&'! ,-! ,+0/-\! $+! 6A5/+<*-! ,-$$($+*/-! +! <7(/! 7FX-,6*)! 0%+''(/-/! $+!
/-,7$7&*'+6*7&!-6! $+! /-'6+(/+6*7&!0-! $+!J*+F*$*65!-6!0-'!,+<+,*65'! )7&,6*7&&-$$-'!0(! 6*''(!
,+/0*+1(-!$5'5!<+/!0-'!,-$$($-'!Z!<76-&6*-$!,7&6/+,6*$-!MBRN#!"$!-C*'6-!0-!&78F/-(C!6E<-'!
,-$$($+*/-'! /5<-/67/*5'! 0+&'! $-! @+F$-+(! >! 1(*! 7&6! 565! (6*$*'5'! <7(/! +85$*7/-/! $-'!
</7F$U8-'! ,7&'5,(6*)'! Z! (&-! *',A58*-! ,+/0*+1(-! MBDN#! .-'! ,-$$($-'! 7&6! 565! $-! <$('!






















































































































































,+/0*78E7,E6-'#!I%(&! +(6/-! ,p65\! $%*&65/t6!<7/65! +(C! ,-$$($-'!8(',($+*/-'! '1(-$-66*1(-'!





0*))5/-&6'! ,78<+/6*8-&6'! 0-! $%7/=+&*'8-! M87-$$-! 7''-('-\! '+&=! ,*/,($+&6\! 6*''(!
+0*<-(C###N! -6! <76-&6*-$$-8-&6! ,+<+F$-'! 0-! /5=5&5/-/! 0-'! 6*''('! 7))/+*-&6! $%-'<7*/! 0-!
6/7(J-/! ^!$+! ,-$$($-! '7(,A-!_! ,+<+F$-! 0-! '-! 0*))5/-&,*-/! -&! ,+/0*78E7,E6-\! 0-!
,788(&*1(-/!+J-,!$-'!,-$$($-'!/5'*0-&6-'!7(!-&,7/-!0-!<+/6*,*<-/!Z!$%+&=*7=5&U'-#!!
4-'!,-$$($-'!$-'!<$('!(6*$*'5-'!0+&'!0-'!</767,7$-'!,$*&*1(-'!0-!6A5/+<*-!,-$$($+*/-!
7&6! 565! $-'! ,-$$($-'! A58+67<7|56*1(-'!87&7&(,$55-'! 7(!85'-&,AE8+6-('-'! 0-!87-$$-!
7''-('-!MQWN!-6!$-'!8E7F$+'6-'!'1(-$-66*1(-'#!.-<-&0+&6\!X('1(%Z!!</5'-&6\!$-'!/5'($6+6'!




I-<(*'! (&-! 0*C+*&-! 0%+&&5-'\! $-'! +J+&,5-'! -&! F*7$7=*-! ,-$$($+*/-! -6!87$5,($+*/-!
7&6!87&6/5!1(-!$%*//5J-/'*F*$*65!=5&56*1(-!0-'!,-$$($-'!0*6-'!0*))5/-&,*5-'!&%-'6!<$('!+(''*!






`&-! ,-$$($-! '7(,A-! -'6! (&-! ,-$$($-! *&0*))5/-&,*5-! 1(*! +! $+! ,+<+,*65! 0-! '%+(67T
/-&7(J-$-/!1(+'*8-&6! *&05)*&*8-&6!Z! $%*0-&6*1(-!-6!0%-&=-&0/-/!<+/!0*))5/-&,*+6*7&!(&!
=/+&0! &78F/-! 0-! ,-$$($-'! '<5,*+$*'5-'#! 3)*&! 0%+''(/-/! '7&! +(67T/-&7(J-$$-8-&6\! (&-!
,-$$($-! '7(,A-! '-! 0*J*'-! 0-! 8+&*U/-! 'E856/*1(-! -6! +'E856/*1(-! ,%-'6TZT0*/-! 1(-! '+!
0*J*'*7&!07&&-/+!Z!$+!)7*'!(&-!,-$$($-!1(*!'-/+!,+<+F$-!0-!'%+(67T/-&7(J-$-/!-6!(&-!,-$$($-!
'<5,*+$*'5-#! "$! -C*'6-! 0-'! ,-$$($-'! '7(,A-'! 0+&'! 67('! $-'! 6*''('! 0-! $%7/=+&*'8-\! 1(*! '-!
0*'6*&=(-&6! '-$7&! $-(/! <76-&6*-$! 0-! 0*))5/-&,*+6*7&!H! 676*<76-&,-\! <$(/*<76-&,-\!
8($6*<76-&,-!7(!(&*<76-&,-#!!
"$!-C*'6-!(&-!'-($-!,-$$($-!'7(,A-!#%#)?%#/"#/*X*$%k()!)5,7&05 qui  peut  donner tout 
type de cellules et donc assurer le développement d’un organisme entier. Les cellules 
pluripotentes sont issues d’un embryon de 5 à 7 jours et peuvent se différencier en tout type 
de cellules de l’organisme sauf les cellules extra-embryonnaires comme le placenta. Ce sont 
 
15 
les cellules souches embryonnaires (ESCs) (26). Lorsqu’elles se spécialisent, elles donnent 
des cellules multipotentes spécifiquement dévolues à une fonction particulière. En effet, les 
cellules souches multipotentes sont des cellules capables de donner naissance à plusieurs 
types cellulaires issues du même feuillet embryonnaire, meso-,ecto- ou endodermique. Par 
exemple, les cellules souches hématopoïétiques sont des cellules multipotentes, uniquement 
capables de se transformer en tous les éléments figurés du sang. Enfin les cellules souches 
unipotentes ne peuvent donner qu’un seul type cellulaire avec une capacité d’auto-
renouvellement plus limitée (Figure 2). 
!
(!)*'+#23!"$$('6/+6*7&!0-!$+!A*5/+/,A*-!0-!$+!<$(/*<76-&,-!0-'!,-$$($-'!'7(,A-'#!MI9+</U'!K*-J-z*&=N#!
S+/! +*$$-(/'\! 7&! 0*'6*&=(-! $-'! ,-$$($-'! '7(,A-'! -8F/E7&&+*/-'! Z! )7/6! <76-&6*-$!
0%+(67T/-&7(J-$$-8-&6! 0-'! ,-$$($-'! '7(,A-'! +0($6-'#! 4-'! ,-$$($-'! '7(,A-'! +0($6-'\!




+0*<-(C! MBON#! I%+(6/-'! ,-$$($-'! +J-,! 0-'! ,+/+,65/*'6*1(-'! 0-! ,-$$($-'! '7(,A-'! <-(J-&6!
t6/-!*'7$5-'!Z!<+/6*/!0(!8E7,+/0-!MB]N#!S$('!/5,-8-&6\!0-'!,-$$($-'!'7(,A-'!<$(/*<76-&6-'!




I(/+&6! ,-! 6/+J+*$\! &7('! &7('! '788-'! *&6-/-''5'!H! !*N! +(C! ,-$$($-'! '7(,A-'!
8(',($+*/-'!'1(-$-66*1(-'!7(!8E7F$+'6-'!<(*'1(%*$!'%+=*6!0%(&!6E<-!,-$$($+*/-!+''-i!,7&&(!
-&!!"#$%&'()*(++,+%'$()(!)&%$-%'!(.(/!)%0%&!#)&1,$),/()#!,0()0()&$(,2()0()*1/*(&!3)&,'4)
!!"# $%&# '())%)(*# +,*(-'./+$0(%*(*# *012+$)(*# 3421!5!-(# $3!6(%*(# 62%1# 260!+!*(1#
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(6*$*'+6*7&! 0+&'! $-! ,+0/-! 0-! $%*&'())*'+&,-! ,+/0*+1(-! 0%7/*=*&-! *',A58*1(-! MR?N#!
4%-C<5/*-&,-! +,,(8($5-! Z! $%+*0-! 0-! ,-! 6E<-! ,-$$($+*/-! <-/8-6! +,6(-$$-8-&6! 0-! $-!
,7&'*05/-/!,788-!(&!'6+&0+/0#!4-'!F5&5)*,-'! )7&,6*7&&-$'!0-!,-'! 6/+&'<$+&6+6*7&'!7&6!
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0-! <A+'-! "! MR>wRRN#! 4-'! </767,7$-'! ,$*&*1(-'! '(*J-&6! 6/7*'! 56+<-'! </5,*'-'!H! >N! F*7<'*-!
8(',($+*/-n!BN!*'7$-8-&6!,-$$($+*/-!-6!,($6(/-!</*8+*/-!<-&0+&6!B!Z!R!'-8+*&-'!0-!)+j7&!
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*&)+/,*-! -6!<5/*T*&)+/,*-#! 4%(6*$*'+6*7&!0(! '5/(8!A(8+*&!+(67$7=(-!<7(/! $-'! ,($6(/-'!-'6!
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0-!'5/(8!F7J*&!)7-6+$#!*
4-'! /5'($6+6'! F5&5)*1(-'! +<<7/65'! <+/! ,-'! 8E7F$+'6-'! '-8F$-&6! $*5'! Z!
$%*8<7/6+&,-!0-! $+! $5'*7&! *&*6*+$-\!<-/'*'6-&6!'(/!0-! $7&=(-'!<5/*70-'\!'%+00*6*7&&-&6!+(!
F5&5)*,-! 0(! 6/+*6-8-&6! <+/! $-'! *&A*F*6-(/'! 0-! $%-&iE8-!0-! ,7&J-/'*7&\! -6! +<<+/+*''-&6!
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'-/+*6! +*&'*! $*5! Z! $+! $*8*6+6*7&! 0(! /-870-$+=-! -6! +(C! 870*)*,+6*7&'! 0-'! </7</*565'!
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J*'5-!/5=5&5/+6*J-!<7(/!6/7*'!/+*'7&'!</*&,*<+$-'!H!*N!(&-!)7/6-!,+<+,*65!</7$*)5/+6*J-!0+&'!
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,+/+,65/*'5!-6!+*'58-&6!0*'<7&*F$-#!
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)7&,6*7&!'E'67$*1(-!0(!J-&6/*,($-!=+(,A-!+''7,*5-!Z!(&-!0*8*&(6*7&!0-!$+!i7&-!0-!)*F/7'-!
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8+$+0*-'! +$7/'! 1(-! $-'! +<<$*,+6*7&'! 5J-&6(-$$-'! -&! 850-,*&-! /5=5&5/+6*J-! '-8F$-&6!
F-+(,7(<! <$('! $7*&6+*&-'#! S7(/! ,-'! 0*))5/-&6-'! /+*'7&'\! $-'! .K;! /-'6-&6! Z! ,-! X7(/! $-'!
,+&0*0+6'!$-'!<$('!,/50*F$-'!<7(/!$+!=5&5/+6*7&! !"#$!&'%!0-!</7=5&*6-(/'!,+/0*+1(-'!1(*\!





4+! 87/6! 7(! $+! 0-'6/(,6*7&! 8+''*J-! 0-! ,-$$($-'! 0(/+&6! $-'! </-8*U/-'! A-(/-'! -6!
</-8*-/'! X7(/'! '(*J+&6! $%*&X-,6*7&! MX('1(%Z! 2?rN\! -'6! (&! <A5&78U&-! F*-&! 07,(8-&65!
0+&'!$-!,+'!0-'!8E7F$+'6-'\!0-'!QK.!-6!0-'!,+/0*78E7,E6-'!MBD\GR\GDN#!
~A+&=!-6!:-+(,A+8<!7&6!87&6/5!1(-!$%+F'-&,-!0-!)*C+6*7&!0-'!,-$$($-'!-&6/-!-$$-'!
-6! Z! $+! 8+6/*,-! -C6/+,-$$($+*/-! $-'! /-&0! <+/6*,($*U/-8-&6! J($&5/+F$-'! J*'! Z! J*'! 0-'!
+=/-''*7&'! 0(! 8*$*-(! -C65/*-(/#! 4+! <-/6-! 0(! ,7&6+,6! -&6/-! $-'! ,-$$($-'! '(<</*8-! $-'!
*&6-/+,6*7&'! 1(*! $-(/! <-/8-66-&6! 0-! '%7/*-&6-/! J-/'! (&! <A5&76E<-! '<5,*+$*'5\! 0-!
</7$*)5/-/!-6!0-!'(/J*J/-#!3*&'*\!$-'!,-$$($-'!*&X-,65-'!8-(/-&6!<+/!&5,/7'-!,7&'5,(6*J-!Z!
$+! </*J+6*7&! -&! 7CE=U&-\! <+/! +<7<67'-! 0(! )+*6! 0-! $-(/! *'7$-8-&6! -6! 0-! $-(/! /-$+6*J-!
'-&'*F*$*65!+(C!'*=&+(C!+<7<676*1(-'!M'6/-''!7CE0+&6\!$5'*7&'!&(,$5+*/-'N!MGR\GDN#!!
.-66-! 87/6+$*65! -'6! 6/U'! </7F+F$-8-&6! 8($6*)+,67/*-$$-! H! ,7&6/+*&6-'! <AE'*1(-'!
-C-/,5-'! '(/! $-'! ,-$$($-'! <-&0+&6! $-'! *&X-,6*7&'! M05=m6'! $*5'! Z! $+! </-''*7&N\! /5<7&'-!
*&)$+88+67*/-! +(C! '*6-'! 0%*&X-,6*7&! M0-'6/(,6*7&! &7&! '<5,*)*1(-! <+/! 0-'! &-(6/7<A*$-'N\!
,7&0*6*7&'!AE<7C*1(-'!0-!$%-&J*/7&&-8-&6\!8+*'!+(''*!)+,6-(/'!F*7$7=*1(-'!*&6/*&'U1(-'!
M+<7<67'-\! +F'-&,-! 0-! '(F'6/+6! +051(+6N! MBDN#! .-! <A5&78U&-! +! 565! F*-&! 05,/*6! <+/!
K(i(z*! +&# /1# MGVN! 0+&'! (&! 870U$-! 0%*&)+/,6('! ,A-i! 0-'! '7(/*'! )-8-$$-'! 6/+*65-'! <+/!
*&X-,6*7&!0-!8E7F$+'6-'!/+0*7T8+/1(5'!Z!$+!@AE8*0*&-!.>D!*''('!0-!8m$-'#!4-!&78F/-!0-!
,-$$($-'!'(/J*J+&6!Z!>?!8*&(6-'!-'6!0-!R2r\! *$!-'6!0-!>Gr!Z!BD!A\!-6!0-!Or!Z!OB!A#!I-!
8t8-\! c(+/0! +&#/1# MGGN! 7&6! ,7&'6+65! (&-! <-/6-! 0-! <$('! 0-! 2?r!0-'! ,-$$($-'! *&X-,65-'!
+J+&6!$+!BDU8-!A-(/-!-&!'(*J+&6!$+!05,/7*''+&,-!0%(&!8+/1(-(/!-C</*85!<+/!,-'!,-$$($-'!
M$+!T=+$+,67'*0+'-N#! 4%+(=8-&6+6*7&!0(!&78F/-!0-! ,-$$($-'! *&X-,65-'!&%+<<7/6-!<+'!0-!
'7$(6*7&!,+/!-&!<$('!0-!$+!8+X7/+6*7&!0(!J7$(8-!676+$!*&X-,65!-6!0-!$+!8($6*<$*,+6*7&!0-'!
'*6-'!0%*&X-,6*7&\!-$$-!+8<$*)*-! $+!/5<7&'-! *&)$+88+67*/-!-6!<+/!,7&'51(-&6!+(=8-&6-! $+!
J($&5/+F*$*65!8E7,+/0*1(-!Z!$%+/E6A8*-#!









4+!870*)*,+6*7&! =5&56*1(-! 0-'! ,-$$($-'! '7(,A-'! +J+&6! $-(/! *&X-,6*7&! /-</5'-&6-!
(&-! '6/+65=*-! *8<7/6+&6-! +)*&! 0%7<6*8*'-/! $%-))*,+,*65! 6A5/+<-(6*1(-! 0-! $+! =/-))-#!
4%+''7,*+6*7&! 0-! $+! 6A5/+<*-! =5&*1(-! +J-,! $+! 6A5/+<*-! ,-$$($+*/-! <-/8-6! 0%+85$*7/-/! $+!













4+! </5<+/+6*7&! 0-'! ,-$$($-'! +J-,! 0*J-/'! '6*8($*! <A+/8+,7$7=*1(-'! +J+&6!
*8<$+&6+6*7&!-'6!5=+$-8-&6!(&-!J7*-!0-!/-,A-/,A-!6/U'!+,6*J-!0+&'!$-!F(6!0%+85$*7/-/!$-'!
,+<+,*65'! 6A5/+<-(6*1(-'! 0-! ,-'! ,-$$($-'#! "$! '%+=*6! 0-! </5T6/+*6-/! $-'! ,-$$($-'! +J-,! 0-'!
+=-&6'!,A*8*1(-'!MO?N\!0-'!850*,+8-&6'!MO>N!7(!0-'!,7&0*6*7&'!AE<7C*1(-'!MOBN#!I+&'!
,-! ,7&6-C6-\! *$! +! 565! 0587&6/5! 1(-! $-! 6/+*6-8-&6! <+/! ,A7,! 6A-/8*1(-! Mc-+6! KA7,zN! 0-!
8E7F$+'6-'! +85$*7/-! $-(/! 67$5/+&,-! Z! $+! '51(-&,-! AE<7C*-T/57CE=5&+6*7&! !"# $!&'%# -6!
/50(*6! '*=&*)*,+6*J-8-&6! $-(/! 87/6! +</U'! =/-))-! *&6/+,+/0*+1(-! MORN#! `&-! +(6/-! 56(0-!
/5,-&6-! *&0*1(-! 1(-! $%*&0(,6*7&! 0-! ,-! ,A7,! 6A-/8*1(-! '(/! 0-'! 8E7F$+'6-'! +(=8-&6-!
$%-C</-''*7&! 0-! $+! </765*&-! A'<O?! MA-+6! 'A7,z! </76-*&! O?N! -6! </76U=-! $-'! ,-$$($-'! 0-!








4-'! +<</7,A-'! 0%*&=5&*-/*-! 6*''($+*/-! 7))/-&6! $+! <7''*F*$*65! 0%(6*$*'-/! 0-'!
F*78+65/*+(C!<-/8-66+&6!Z!$+!)7*'!0-!'-/J*/!0-!'(<<7/6!85,+&*1(-!$7/'!0-!$+!=/-))-!8+*'!
+(''*! 0%+85$*7/-/! $+! '(/J*-\! $+! 0*))5/-&,*+6*7&! -6! $%+,6*J*65! =$7F+$-! 0-'! ,-$$($-'! '7(,A-'!
MOVN#!4+!<$(<+/6!0-!,-'!'6/+65=*-'!0%*&=5&*-/*-!6*''($+*/-!/-<7'-!'(/!(&-!6/+&'<$+&6+6*7&!
0-! ,-$$($-'! '7(,A-'! 05<7'5-'! 7(! -&,+<'($5-'! 0+&'! (&-! F*78+6/*,-! !"#$%&'( %)&*)( +&(
!"#$%&'("$%''&!&')* )$"+"!&',"%''&-* .$%."#&* /* -0* $1)&')"%'* &)* .0$* #%',123&')* /* -0*
!"#$%&'()( *+(,#-*%./#+0%-1(&0()( *+(2%../#&13%+0%-1(3&**"*+%#&4(56"0%*%!+0%-1(2&(3&00&(1-"$&**&(





F*7$7=*-! ,-$$($+*/-! -6! 0-! $%*&=5&*-/*-! 0+&'! $-! F(6! 0-! ,/5-/! 0-'! '(F'6*6(6'! F*7$7=*1(-'!
&+6(/-$'! 7(! 'E&6A56*1(-'\! '*8<$-'! 7(! AEF/*0-'! 1(*! /-'6+(/-&6\! 8+*&6*-&&-&6! 7(!
+85$*7/-&6! $+! )7&,6*7&! 6*''($+*/-!-6!+<<7/6-&6!(&!/5'($6+6!'6+F$-!0+&'! $-! 6-8<'!MOV\OGN#!


























4-! ,7$$+=U&-\! $-'! =$E,7'+8*&7=$E,+&-'! -6! $-'! <7$E8U/-'! 0-! )*F/*&-! '7&6! $-'! <$('!
,7(/+88-&6! -8<$7E5'! 0(! )+*6! 0-! $-(/! F7&&-! ,+<+,*65! Z! '7(6-&*/! $+! )7&,6*7&&+$*65!
,-$$($+*/-! M'(/J*-\! </7$*)5/+6*7&\! 0*))5/-&,*+6*7&###N#! ;6+&6! $-! ,7&'6*6(+&6! 8+X-(/! 0-! $+!
8+6/*,-!-C6/+,-$$($+*/-!,+/0*+1(-\! $-! ,7$$+=U&-!-'6!0-J-&(!0-<(*'!1(-$1(-'!+&&5-'! $%(&!
0-'! '(<<7/6'! $-! <$('! (6*$*'5! <7(/! $+! ,($6(/-! ,-$$($+*/-! MO2w]BN#! "$! -'6\! 85,+&*1(-8-&6!
'6+F$-\!<-/8-66+&6!(&-!/-,7&'6*6(6*7&!6*''($+*/-!!"#$!&'%!-6!<7(J+&6!+''(/-/!$+!$*F5/+6*7&!
0-! 850*,+8-&6'! 7(! 0-! )+,6-(/'! 0-! ,/7*''+&,-! !"# $!$%# M]R\]DN#! K7&! (6*$*'+6*7&! -'6! Z!
$%7/*=*&-! 0%(&-! +85$*7/+6*7&! )7&,6*7&&-$$-! +''7,*5-! Z! (&-! 0*8*&(6*7&! 0-! $+! 6+*$$-! 0-!
$9*&)+/,6('! -6! Z! (&-! +(=8-&6+6*7&! 0-! $%+&=*7=5&U'-! 1(+&0! *$! -'6! ,($6*J5! +J-,! 0*))5/-&6'!
6E<-'! 0-! ,-$$($-'! '7(,A-'! 0+&'! 0-'! 870U$-'! -C<5/*8-&6+(C! 0%*&'())*'+&,-! ,+/0*+1(-!
M]BN#! 4-! ,7$$+=U&-! ,788-! $%+=+/7'-\! <-(J-&6! t6/-!(6*$*'5'! '7('! )7/8-!0-!8*,/7'<AU/-'!
0+&'! $-'1(-$$-'! '7&6! -&,+<'($5-'! $-'! ,-$$($-'#! .-'! ,+<'($-'! +85$*7/-&6\! -$$-'! +(''*\! $+!
'(/J*-!0-'! ,-$$($-'!-6!<-/8-66-&6!+(C!,E67z*&-'! '5,/565-'!0%-C-/,-/! $-(/'!-))-6'! '(/! $-'!
6*''('!/-,-J-(/'!$5'5'!M]]\]2N#!!
I-'! ,-$$($-'! '7(,A-'!-&'-8-&,5-'! '(/!0-'!<7$E8U/-'!0-! )*F/*&-! '7&6!Z! $%7/*=*&-!
0%(&-! '5,/56*7&!0-!&78F/-('-'! ,E67z*&-'!</7T+&=*7=5&*1(-'! !"#$!$%! )+J7/*'+&6! $+! &57T
J+',($+/*'+6*7&!0(!6*''(!$5'5!-6!</5'-/J+&6!'+!)7&,6*7&!M2?\2>N#!4-'!8+6/*,-'!$*1(*0-'!0-!
)*F/*&-!'6*8($-&6!$+!/-'6+(/+6*7&!6*''($+*/-!-&!+85$*7/+&6!$+!'(/J*-!0-'!,-$$($-'!=/-))5-'\!
$+! J+',($+/*'+6*7&! -6! $+! )7&,6*7&! ,+/0*+1(-! M2>w2RN#! I-'! /5'($6+6'! '*8*$+*/-'!7&6!
565!7F6-&('!-&! (6*$*'+&6!0-'! F*78+65/*+(C!Z! F+'-! 09+$=*&+6-!<+/! .7A-&! -6! +$! M2DN#!




,-$$($-'!,+/0*+1(-'!<7(/!+''(/-/! $-(/!</7$*)5/+6*7&!-6! $-(/!8*=/+6*7&!0+&'! $-! 6*''(!Ap6-!
M2Dw2GN#! .-/6+*&'! AE0/7=-$'! <-(J-&6! +J7*/! 0-'! ,+/+,65/*'6*1(-'! 85,+&*1(-'! 1(*!
'%+0+<6-&6!F*-&!+(C!</7</*565'!5$+'6*1(-'!0(!6*''(!,+/0*+1(-!M2ON#!
I%+(6/-'! ,A-/,A-(/'! 7&6! )+J7/*'5! $%(6*$*'+6*7&! 0-'! 6*''('! 05,-$$($+/*'5'! <+/!
6/+*6-8-&6'! -&iE8+6*1(-'! ,788-! '(<<7/6! &+6(/-$! 6-$! 1(-! $-! <5/*,+/0-! A(8+*&! M2]w
>??N#! "$! '%+=*6! 0%(&! 6/+*6-8-&6! /5+$*'5! <7(/! 0*8*&(-/! $%+&6*=5&5,*65! -6! $-! /*'1(-! 0-!
,+$,*)*,+6*7&! &7/8+$-8-&6! 8+X7/5'! <+/! $-'! ,-$$($-'! </5T-&'-8-&,5-'! 7(! $-'! ,-$$($-'!
-&07=U&-'! ,*/,($+&6-'! 1(*! /-,7$7&*'-&6! $+!8+6/*,-! M>?>N#! ;&! <$('! $+! =/-))-! 0%(&-! 6-$$-!






$-'! ,-$$($-'! -&'-8-&,5-'! '7*-&6! ,+<+F$-'! 0-! </70(*/-! $-(/'! </7</-'! </765*&-'!
8+6/*,*-$$-'! M>?RN#! 4%(&! 0-'! +J+&6+=-'! 8+X-(/'! 0-! $%(6*$*'+6*7&! 0-'! 8+65/*+(C!
'E&6A56*1(-'! -'6! $+! <7''*F*$*65! 0-! ,7&6/p$-/! $+! <7/7'*65\! $+! '6/(,6(/-\! $%7/=+&*'+6*7&! -6!
$%+$*=&-8-&6! 0-'! <7$E8U/-'! ,7&'6*6(+&6! $+! 8+6/*,-! M>?DN#! 4-'! </7</*565'! <AE'*,7T
,A*8*1(-'! -6! $-! 6+(C! 0-! 05=/+0+6*7&! 0(! <7$E8U/-! '7&6! =5&5/+$-8-&6! 056-/8*&5'! -&!
)7&,6*7&!0-!$+!J*6-''-!0-!)7/8+6*7&!0(!&57T6*''(!-6!0-!'7&!5J7$(6*7&!M>?VN#!
4%+,*0-! <7$E=$E,7$*1(-! MSY3N\! $%+,*0-! <7$E$+,6*1(-! MS43N! -6! $-(/'! ,7<7$E8U/-'!
'7&6! 0-'! <7$E8U/-'! 'E&6A56*1(-'! F*7,78<+6*F$-'! 1(*! 7&6! 565! <+/8*! $-'! </-8*-/'!
8+65/*+(C! +/6*)*,*-$'! (6*$*'5'! 0+&'! $9*&=5&*-/*-! 6*''($+*/-!0(!,k(/#! "$'! 7&6! *&*6*+$-8-&6!
87&6/5!(&-! *&'6+F*$*65!85,+&*1(-!-6! $-(/!,+/+,6U/-!+,*0-!56+*6! '(',-<6*F$-!0-!</70(*/-!
0-'! /5+,6*7&'! *88(&*6+*/-'! -6! *&)$+88+67*/-'! M>?GN#! d5,-88-&6\! ,-'! F*78+65/*+(C!
-&'-8-&,5'! +J-,! 0-'! .KQ! 7&6! &5+&87*&'! <-/8*'! (&-! +85$*7/+6*7&! 0-! $+! '(/J*-!
,-$$($+*/-!+''7,*5-!Z!(&-!</5J-&6*7&!0(!/-870-$+=-!J-&6/*,($+*/-!&5=+6*)!M>?ON#!
:*-&!1(%*$!</5'-&6-!$-!8+65/*+(!$-!<$('!(6*$*'5!-&!,A*/(/=*-!0-!<7&6+=-!J+',($+*/-\!
$-! S7$E@56/+a$(7/7;6AE$U&-! MS@a;-N! +! (&-! /5'*'6+&,-!85,+&*1(-! +''-i! )+*F$-! -6! '(F*6!
'7(J-&6!0-'!05=/+0+6*7&'!,A*8*1(-'!M>?]\>?2N#!.-<-&0+&6\!0-'!F*78+65/*+(C!Z!F+'-!0-!
























4-! </7=/U'! 0-! $%*&=5&*-/*-! 6*''($+*/-! +! <-/8*'! 0-! 05J-$7<<-/! 0-'! 6-,A&*1(-'!
+$6-/&+6*J-'! 1(*! (6*$*'-&6! $-'! 8+6/*,-'! M&+6(/-$$-'! 7(! 'E&6A56*1(-'N! &7&! '-($-8-&6!








`&-! +(6/-! +<</7,A-! 7/*=*&+$-\! ,-$$-! ^!&/3* I/')../3* &/* (/..'./3*_! -'6! )7&05-! '(/!
$%(6*$*'+6*7&! 0-! 8+6/*,-'! F*705=/+0+F$-'! (&*1(-8-&6! <-&0+&6! $+! <A+'-! 0-! ,($6(/-!
,-$$($+*/-#! .-66-! 6-,A&*1(-! *8<$*1(-! $%-&'-8-&,-8-&6! 0-'! ,-$$($-'! 0%*&65/t6! '(/! 0-'!






0(! <7$E8U/-! <-/8-6! +(! )*$8! 0-! ,-$$($-'! 0-! '-! 056+,A-/! M>>G\>>ON#! 4+! ,7A5'*7&! 0-'!
,-$$($-'! -&6/-T-$$-'! 56+&6! +''(/5-! <+/! $+! 8+6/*,-! -C6/+,-$$($+*/-! 1(%-$$-'! 7&6! '-,/565-!
<-&0+&6! $+! <A+'-! 0-! ,($6(/-#! 4%51(*<-! X+<7&+*'-! 1(*! +!8*'! +(! <7*&6! ,-66-! 6-,A&*1(-! +!
87&6/5! 1(-! <$('*-(/'! 6E<-'! ,-$$($+*/-'! </7$*)U/-&6! -6! +0AU/-&6! Z! ,-'! '(/)+,-'! Z! RO! .!






+*&'*! )+*6! $+! </-(J-! 0-! $-(/! -))*,+,*65! )7&,6*7&&-$$-! 1(*! <+/+y6! '(<5/*-(/-! Z! ,-$$-! 0-'!
*&X-,6*7&'! *&6/+T8E7,+/0*1(-'! ,7&J-&6*7&&-$$-'#! .-66-! +85$*7/+6*7&! -'6! +''7,*5-! Z! (&-!
/50(,6*7&!0-!$+!i7&-!0-!$+!)*F/7'-\!Z!(&-!/57/=+&*'+6*7&!0-'!</765*&-'!0(!,E67'1(-$-66-!-6!
Z! (&-! </70(,6*7&! <$('! *8<7/6+&6-! 0-! ,E67z*&-'! ,+/0*7T</76-,6/*,-'! MP;Ya\! cYaN!
M>B>\>BBN#!
`&! +(6/-! ,7&,-<6! <+/6*,($*U/-8-&6! '50(*'+&6! ,7&'*'6-! -&! $+! )+F/*,+6*7&! 0%(&-!
8+6/*,-! <7/-('-! <+/! ,./(#$%3?)"")">#! .-66-! +<</7,A-! <-/8-6! 0-! </70(*/-! 0-'! )*F/-'!
($6/+T)*&-'!<7(/!)+J7/*'-/!$%*&)*$6/+6*7&!0-'!,-$$($-'!=/-))5-'!-6!$-(/!8*=/+6*7&!M>BR\>BDN#!
4%51(*<-! 0-! K,A$+66-/! +! 05J-$7<<5! $+! ,7&'6/(,6*7&! 0-! &+&7)*F/-'! 0-! <7$E8U/-'! '-8*T
,7&0(,6-(/'\! (&!&7(J-+(!</7,505!0%5$-,6/7'<*&&*&=!<+/6*,($*U/-8-&6! +0+<65! Z! ,-! 6E<-!
0-!8+65/*+(#!4-'!<7$E8U/-'!'-8*T,7&0(,6-(/'!+*&'*! )7/85'!'7&6!<-(!'7$(F$-'!0+&'!0-'!
'7$J+&6'! ,7&J-&6*7&&-$'! -6!0-! )+*F$-! 67C*,*65#! 4-!</7,505!-'6!F+'5! '(/! $%5$-,6/7'<*&&*&=!
,7+C*+$! <-/8-66+&6! $%7F6-&6*7&! 0-! &+&7)*F/-'! 0-! <7$E! M2\2T0*7,6E$)$(7/-&-N! MSaWN! 0-!
'6/(,6(/-!,78<+6*F$-!+J-,!$-!,k(/#!!
4-! 6*''(! /-,-J-(/!<-(6! 5=+$-8-&6! t6/-!8+&*<($5!</5+$+F$-8-&6! Z! $%*8<$+&6+6*7&!






-&! =/-))+&6! 0*))5/-&6'! 6E<-'! ,-$$($+*/-'! '(/! 0*))5/-&6-'! 8+6/*,-'! F*7$7=*1(-'! 0+&'! (&!
870U$-! 0%*',A58*-! 8E7,+/0*1(-! ,A-i! $-! /+6! +)*&! 0%+''(/-/! (&-! 8-*$$-(/-! )7&,6*7&! 0(!
,k(/#!
T! `&! 0-'! 7FX-,6*)'! 0-! ,-! 6/+J+*$! +! 565! 0-! ,78<+/-/! $-'! -))-6'! 0-! $+! ,7(J-/6(/-!
5<*,+/0*1(-! J*+! 0-'! F*78+65/*+(C! ,-$$($+/*'5'! <+/! /+<<7/6! +(C! *&X-,6*7&'!
,7&J-&6*7&&-$$-'!0-!,-$$($-'#!
T!3</U'!+J7*/!87&6/5! $%-))-6!F5&5)*1(-!0-'!F*78+65/*+(C!,-$$($+/*'5'\!&7('!+J7&'!






05/*J5-'! 0-! ,-$$($-'! '7(,A-'! -8F/E7&&+*/-'! +J-,! 0-'! .KQ! '(',-<6*F$-'! 0%+<<7/6-/! (&!








































































MQ*&-/J-! 51(*<-8-&6! J565/*&+*/-\! a/+&,-N! '7('!(&! )$(C!0%7CE=U&-!0-!B! Z! R! $L8*&! '7&6!
</+6*1(5'!'-$7&!$-'!/-,788+&0+6*7&'!0(!^!Q+&(-$!'(/!$-!'7*&!-6!$%(6*$*'+6*7&!0-'!+&*8+(C!
0%-C<5/*8-&6+6*7&! 0(! .7&'-*$! .+&+0*-&! 0-! S/76-,6*7&! 0-'! 3&*8+(C! _! M..S3N#! 4-'!
+&*8+(C! '7&6! 7<5/5'! <+/! 6A7/+,7678*-! =+(,A-! 0+&'! $-! DU8-! -'<+,-! *&6-/,7'6+$! -6!
$%*&)+/,6('!-'6!,/55!<+/!(&-!$*=+6(/-!<-/8+&-&6-!0-!$%+/6U/-!*&6-/J-&6/*,($+*/-!+&65/*-(/-!


























`&! 87*'! +</U'! $+! $*=+6(/-! ,7/7&+*/-\! $-'! +&*8+(C! '7&6! +&-'6A5'*5'! '-$7&! $-!
</767,7$-! 05,/*6! ,*T0-''('! -&! J(-! 0%(&-! 5,A7,+/0*7=/+<A*-! 6/+&'6A7/+,*1(-! M;@@N!
*&*6*+$-#!4-'! /+6'! '7&6!-&'(*6-! /57<5/5'!<+/! 6*/+=-!+(! '7/6!-&!J(-!0-'!=/-))-'! '(*J+&6! $-!








































3J-&6*'N! Z! $+! 07'-! 0-! >?!8=Lz=LX! -&! *&6/+8(',($+*/-! Z! <+/6*/! 0(! X7(/! 0-! $+! =/-))-#! `&!
87*'! +</U'! $+! /5+$*'+6*7&! 0-! $%*&)/+,6('! 0(!8E7,+/0-\! $-'! +&*8+(C! '5$-,6*7&&5'! '(/! $+!
F+'-! 0%(&-! )/+,6*7&! 0%5X-,6*7&! Ma;N! ,78</*'-! -&6/-! B?r! -6! DVr\! 056-/8*&5-! <+/!
5,A7,+/0*7=/+<A*1(-! '7&6! /5<+/6*'\! +</U'! 6*/+=-! +(! '7/6\! -&! D! =/7(<-'! 0-! >?! /+6'!H!
*&X-,6*7&'!0-!8*$*-(!0-! ,($6(/-! M=/7(<-! ,7&6/p$-N!n! *&X-,6*7&'!0-!8E7F$+'6-'! '-($'! MV! C!
>?G!,-$$($-'N!n!!8E7F$+'6-'!*&,7/<7/5'!0+&'!(&-!8+6/*,-!0-!=5$+6*&-!MY;4aW3Qg\!-&J*/7&!
R#>?G!,-$$($-'N!7(!,($6*J5'!'7('!)7/8-!0%(&-!)-(*$$-!M-&J*/7&!B#>?G!,-$$($-'N#!.A-i!67('!$-'!


































A0* O#'&/* A* H* =-$-(#,$)3-#)%"* &/3* I/')../3* &/* (/..'./3* /#*
%?#)4)3-#)%"* &/* ./'$* '#).)3-#)%"* "+' ,",-* S(/..'./3* 3#$%4-./3* &'* #)33'*
-&)?/'FT*H*
K(/! $-'!]B!/+6'!*'6+/!(6*$*'5'!<7(/!,-66-!56(0-\!'-($'! !DD!7&6!'(/J5,(!-6!7&6!565!
/5<+/6*'\! +</U'! 6*/+=-! +(! '7/6\! -&! R! =/7(<-'! H! >N! $-! =/7(<-! >! -'6! (&! =/7(<-! ,7&6/p$-!
M*&X-,6*7&'!0-!S:KN!n!BN! $-!=/7(<-!B!/-j7*6!0-'! *&X-,6*7&'!0-!,-$$($-'!'7(,A-'!+0*<-('-'!





3IK.!8+/1(5-'! Z! $+! -YaS! -6! G! /+6'! 7&6! /-j(! 0-'! )-(*$$-'! ,($6*J5-'! Z! <+/6*/! 0-! ,-$$($-'!
3IK.!-YaS!<7'*6*J-'#!4-!</767,7$-!-C<5/*8-&6+$!-'6!/5'(85!0+&'!$-!@+F$-+(!D#!
!
***+$%'?/* !"^/(#)%"*&JE;W=* =%"#$`./* a/')../3*&JE;W=* *















60* O#'&/* 6* H* O@-.'-#)%"* V* .%">* #/$4/* &J'"* ?-#(5* (%4?%3)#/*










M>]! /+6'N#! `&-! 5J+$(+6*7&! )7&,6*7&&-$$-! +! 565! /5+$*'5-! 67('! $-'! 87*'! <+/!
5,A7,+/0*7=/+<A*-!M@+F$-+(!VN#!!!
!































-6! $+! '6-/&7678*-#!`&-!0*''-,6*7&!0(! ,k(/! -'6! -&'(*6-!</+6*1(5-! -6! $-'! J+*''-+(C!0-! $+!




,7&=-$5-'! Z! w! >]?! .! 0+&'! $%+i76-! $*1(*0-! -6! ,7&'-/J5-'! *8850*+6-8-&6! 0+&'! (&!
,7&=5$+6-(/!Z!w!]?!.#!






70* ='.#'$/_* ?$,?-$-#)%"* /#* ,@-.'-#)%"* &/3* ?%?'.-#)%"3* &/*
4N%C.-3#/3H*




+(! ,7(/'! 0%7<5/+6*7&'! 7/6A7<50*1(-'! +</U'! +<</7F+6*7&!0-'! 56+F$*''-8-&6'! ,7&,-/&5'!






`&! '67,z! A787=U&-! 0-! ,-$$($-'! -'6! ,7&'6*6(5! +</U'! +8<$*)*,+6*7&! X('1(%+(! VU8-!
<+''+=-#! "$! -'6! +$7/'! ,7&'-/J5! Z! w! ]?! .! <-&0+&6! BD! A-(/-'\! <(*'! 0+&'! $%+i76-! $*1(*0-!
X('1(%Z!'7&!(6*$*'+6*7&#!
70A0 O@-.'-#)%"*&/3*?%?'.-#)%"3*&/*4N%C.-3#/3*H!
4%5J+$(+6*7&! 0(! <7(/,-&6+=-! 0-! 8E7=5&*,*65! 0-! ,A+1(-! </5<+/+6*7&! -'6!
056-/8*&5-! -&! ,+$,($+&6! $-! <7(/,-&6+=-! 0-! ,-$$($-'! -C</*8+&6! $+! 0-'8*&-! M,$7&-! RR\!
>L>??!n! I3WN\! 8+/1(-(/! '<5,*)*1(-! 0-'! 8E7F$+'6-'! -6! 0-'! ,-$$($-'! 8(',($+*/-'!
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3)*&! 0%5J+$(-/! $-! F5&5)*,-! <76-&6*-$! 0%(&-!8+6/*,-! 0-! Y;4aW3Qg!MSA+/8+,*+! !
`<X7A&\!+$+8+i77\!Q"N! ,7&'6*6(5-!0-! =5$+6*&-! M,7$$+=U&-!05&+6(/5N!0%7/*=*&-!<7/,*&-\!
&7('!+J7&'!</7,505!Z!$%5J+$(+6*7&!0-!$+!'(/J*-!0-'!8E7F$+'6-'!-&!,($6(/-!+(!'-*&!0-!,-66-!
8+6/*,-#! .-$$-T,*! -'6! 05,7(<5-! -&!<-6*6-'!<*U,-'!0-!B\V! C!>\?! C!>\?! ,8!1(*! '7&6! -&'(*6-!
AE0/+65-'!+J-,!0(!S:K!<-&0+&6!R?!8*&!Z!RO!.#!I-'!8E7F$+'6-'!05,7&=-$5'!MRO!.N!'7&6!
,78<65'! '(/! (&-! ,-$$($-! 0-! Q+$+''-i#!h(+6/-TJ*&=6! 8*$$-! ,-$$($-'! <+/! <+6,A! '7&6!
-&'-8-&,5-'! -6! *&,(F5-'! <-&0+&6! R! A-(/-'! 0+&'! $-'! ,7&0*6*7&'! </5,*65-'#! 4-'! <+6,A'!



















'7$(6*7&! ,7&'6*6(5-! 0-! )*F/*&7=U&-! A(8+*&! M2?!8=N\! 0-! 6A/78F*&-! MD! `N\! 0%+</76*&*&-!
MR???! `N! -6! 0-! ,A$7/(/-! 0-! ,+$,*(8! MR\VB! 8=N! -'6! *&,(F5-! <-&0+&6! B! A-(/-'! Z!


















,7$$+=5&+'-\! $-'! +0*<7,E6-'! 8+6(/-'! '7&6! '5<+/5'! <+/! ,-&6/*)(=+6*7&! Z! <+/6*/! 0-! $+!
)/+,6*7&! J+',($+*/-! MKPa\! K6/78+! P+',($+/! a/+,6*7&N#! 4-! ,($76! ,-$$($+*/-! -'6! 8*'! -&!
'('<-&'*7&! -6! $-'! ,-$$($-'! '7&6! -&'-8-&,5-'! -6! ,($6*J5-'! 0+&'! 0(! 8*$*-(! IQ;QTa>B!
M"&J*6/7=-&N!'(<<$58-&65!+J-,!>?r!0-!K:a!X('1(9Z!$+!'(FT,7&)$(-&,-!M>>\>RN#!
3</U'!6/+&'0(,6*7&!<+/!(&!$-&6*J-,6-(/!0-!6/7*'*U8-!=5&5/+6*7&!-C</*8+&6!$%3Ie,!

















6070 P/3#* &/* I%$4-#)%"* &/3* (%.%")/3*h* =%.%"NRI%$4)">* '")#* i*
Sja=TI*H*







S-&0+&6! $-'! 6-'6'! 0-! 0*))5/-&,*+6*7&\! $-'! ,-$$($-'! 7&6! 565! /5-&'-8-&,5-'! Z! (&-!
0-&'*65!0-!>\V#>?D!,-$$($-'L,8B#!
TG/*#/3#*&/*&)II,$/"()-#)%"*@/$3*.-*@%)/*-&)?/'3/*H!
4%*&0(,6*7&! 0-'! ,-$$($-'! +//*J5-'! Z! ,7&)$(-&,-! '%-'6! )+*6-! 0(/+&6! R! X7(/'! 0+&'! $-!
8*$*-(! IQ;QTa>B! '(<<$58-&65! +J-,! >?r! 0-! a:K\! >! 8Q! 0-! 0-C+856A+'7&-\! ?\V! 8Q!








4%*&0(,6*7&! 0-'! ,-$$($-'! '%-'6! )+*6-! <-&0+&6! B>! X7(/'! 0+&'! $-!8*$*-(! IQ;QTa>B!
'(<<$58-&65! +J-,! >?r! 0-! a:K\! ?\>!8Q! 0-! 0-C+856A+'7&-\! R!8Q! 0-! e+cBSWD\! -6! V?!
8=L8$! 09+,*0-! +',7/F*1(-! 1(*! -'6! ,A+&=5! 67('! $-'! B! 7(! R! X7(/'#! 4-! <A5&76E<-!
7'657=5&*1(-! +! 565! 5J+$(5! <+/! (&-! ,7$7/+6*7&! +(! /7(=-! 09+$*i+/*&-! MD?! 8Q!n! <c! D\>\!
K*=8+N#!
!
=0* =%R('.#'$/* &/3* (/..'./3* 3#$%4-./* &'* #)33'* -&)?/'F* -'#%.%>'/* /#*
&/3* (/..'./3* (-$&)-K'/3* ?$%>,")#$)(/3* &,$)@,/3* &/* (/..'./3* 3%'(5/3*
/4C$N%""-)$/3*5'4-)"/3*H!
70='.#'$/*&/3*(/..'./3*3%'(5/3*/4C$N%""-)$/3*5'4-)"/3*S=WO5T*H*
4-'! ,-$$($-'! '7(,A-'! -8F/E7&&+*/-'! A(8+*&-'! M.K;AN! (6*$*'5-'! <7(/! ,-! </7X-6!
'7&6!*''(-'!0-!$+!!$*=&5-!"G!M@-,A&*7&!,-$$!$*&-'N!</7J-&+&6!0(!,-&6/-!850*,+$!0%c+|)+!MI/!
"6'z7J*6iT;$07/N#!
.-'! ,-$$($-'!7&6!565!7F6-&(-'!Z!<+/6*/!0%(&!F$+'67,E'6-! ,/55!0+&'! $-! ,+0/-!0%(&-!
)5,7&0+6*7&! !"# $!&'%! +</U'! +,,7/0! 0-'! <+/-&6'! 07&&-(/'! -6! +<</7F+6*7&! <+/! $-! ,78*65!
*&'6*6(6*7&&-$! $7,+$#!;$$-'!7&6!<(!t6/-! *8<7/65-'!-&!a/+&,-!=/m,-!Z!(&-!+(67/*'+6*7&!0(!
Q*&*'6U/-! 0-! $%;0(,+6*7&! e+6*7&+$-\! 0-! $%;&'-*=&-8-&6! '(<5/*-(/! -6! 0-! $+! d-,A-/,A-!
M+//t65!0(!>RL?OL?VN#!
4+! ,($6(/-! ,-$$($+*/-! 0-'! .K;A! +! 565! +''(/5-! <+/! $-! I/! Q*,A-$! S(,5+6! M"eK;dQ!
`GRRLY;e;@cWe!;J/EN#!4-'!.K;A!'7&6!+8<$*)*5-'!'(/!)*F/7F$+'6-'!0-/8*1(-'!A(8+*&'!
0+&'!(&!8*$*-(!0-!</7<+=+6*7&!,78<$-6!Me(6/*K6-8N!<+/!(&!<+''+=-!67('!$-'!R!Z!D!X7(/'\!
+J-,! ,A+&=-8-&6! '*8($6+&5! 0-! ,-! 8*$*-(! +)*&! 0%5J*6-/! $+! ,7&)$(-&,-! 0-'! ,7$7&*-'!
,-$$($+*/-'!-6!$-(/!0*))5/-&,*+6*7&#!!
4+! '<5,*)*,+6*7&! ,+/0*+1(-!-'6! *&*6*5-!0-(C! X7(/'! +</U'! $+!0-/&*U/-!+8<$*)*,+6*7&!
0-! ,-$$($-'! <+/! ,A+&=-8-&6! 0(! 8*$*-(! 0-! </7<+=+6*7&! <+/! (&! 8*$*-(! 0-! '<5,*)*,+6*7&!
,+/0*7=5&*1(-! ,78<7'5!0-!+Q;Q!MQ+,7SA+/8+N!0-!=/+0-! ,$*&*1(-! ,78<$58-&65!+J-,!















A0* =%R('.#'$/* &/3* E;W=* -@/(* ./3* ?$%>,")#/'$3* (-$&)-K'/3* 3'$* .-*
4-#$)(/*+OGa!G2gH**
3</U'! +J7*/! 6-'65! 0*))5/-&6'! F*78+65/*+(C! M8+6/*,-! 0-! Y;4aW3Qg!\! )-(*$$-! 0-!
,-$$($-'N!&76/-!,A7*C!'%-'6!<7/65!'(/!(&!)*$8!0-!=5$+6*&-!<7/,*&-!MY;4a"4QbN!Ma*=(/-!2N!
<7(/!$%56(0-!0-!,7T,($6(/-!0-'!,-$$($-'!</7=5&*6/*,-'!,+/0*+1(-'!05/*J5-'!0-'!.K;A!+J-,!
$-'! ,-$$($-'! '7(,A-'! 85'-&,AE8+6-('-'! +(67$7=(-'! M3IK.N#! 4-'! <+6,A'! 0-! Y;4a"4Qb!
'7&6!05,7(<5'!-&! )/+=8-&6'!0-!>!,8f!-6!-&'-8-&,5'!+J-,!R??!???!,-$$($-'!0%3IK.!0-!
/+6#!3</U'! )7/8+6*7&!0%(&! 6+<*'! ,-$$($+*/-! '(/! $-!<+6,A! MR! X7(/'N\! R??!???!</7=5&*6-(/'!
,+/0*+1(-'! A(8+*&'! '7&6! Z! $-(/! 67(/! 05<7'5'#! .-'! <+6,A'! ,78<7'*6-'! M3IK.! 0-! /+6! [!













+87/,-'! 0-! >]K! M>]KT:dV!H...@Y...@@@Y@3.3.3..!n>]KTK.!H!
.Y3@..Y3YYY..@.3.@3N!-6!BN!Z!<+/6*/!0-'!,7T,($6(/-'!M+</U'!>?!X7(/'N!Z!$%+*0-!0%(&!z*6!
^!@A-!h(+&6*)*$-/!c(8+&!Ie3!_! 1(*! /-<7'-! '(/! $%(6*$*'+6*7&!0-!0-(C! +87/,-'! 0-! =U&-'!
'<5,*)*1(-'!A(8+*&'!^!A@;d@!_!-6!1(*!<-/8-66-&6!0-!1(+&6*)*-/!$%3Ie!A(8+*&#!
I-'! <+6,A'! -&'-8-&,5'! +J-,! $-'! ,-$$($-'! 3IK.! 7&6! 565! (6*$*'5'! <7(/! 5J+$(-/! $+!
</5'-&,-! 0-! ,-$$($-'! 0-! /+6! <+/! $-! I3S"! Z! V! 8=L8$! MD%\G! 0*+8*0*&7TBT<A-&E$*&07$-N!
<-&0+&6! R! 8*&(6-'! MQ7$-,($+/! S/7F-'N#! 4-'! 8+/1(+=-'! /5+$*'5'! '(/! $-'! <+6,A'!
,78<7'*6-'! 7&6! <-/8*'! 0%5J+$(-/! $+! </5'-&,-! 0-'! </7=5&*6-(/'! ,+/0*+1(-'! =/m,-! +(C!
+&6*,7/<'!,+/0*+1(-'!H!+&6*T.I>V!MeWPW.3K@d3\!>LV?N\!+&6*TezCB#V!MdI!KE'6-8\!>LV?N!





E0 O@-.'-#)%"* I%"(#)%""/../* ?-$* ,(5%>$-?5)/* #$-"3#5%$-()K'/*
SOPPT*H**
4%5J+$(+6*7&!5,A7,+/0*7=/+<A*1(-!-'6!/5+$*'5-!-&!+J-(=$-!<+/!(&!8t8-!7<5/+6-(/!
'(/! $%+<<+/-*$! 0%5,A7,+/0*7=/+<A*-! K-1(7*+! V>G! MK*-8-&'!n! 3,('7&! .7/<\! Q7(&6+*&!
P+$$-E\!`K3N#!3</U'!$%+&-'6A5'*-!0-'!/+6'\!$%-C+8-&!-'6!/5+$*'5!=/m,-!Z!(&-!'7&0-!$*&5+*/-!
M>V4]N!0-!A+(6-!)/51(-&,-!M>R!Z!>V!QciN!-6!(&!=-$!0-!,7&6+,6#!




<+/+8U6/-'! 8-&6*7&&5'! ,*T0-''('\! -C</*85-'! -&! J+$-(/'! +F'7$(-'! 0*))5/-&,-! M<7'6T
=/-))-! w</5T=/-))-N! -6! -&! J+$-(/'! /-$+6*J-'! 0*))5/-&,-! M<7'6T=/-))-! w! </5T=/-))-L</5T









4+! ,7$7/+6*7&!d7(=-! K*/(*'! M?\>r!0+&'! $%+,*0-! <*,/*1(-N! +! '-/J*! <7(/! 5J+$(-/! $+!









>]! ,7(<-'! <+/! /+6! '7&6! *88(&78+/1(5-'! <+/! ,A+,(&! 0-'! +&6*,7/<'! /5,+<*6($5'!




78$%#25$& 9:(($./)0*$%& ;%#25$%&& <07,/0:.& =:,*.0%%$,*&
!"##$#"%&'$()*+"%&& ,)(*+"&-.!& /$()*+&& 012)$3&4"%&5"##$#"%&'$()*+"%&& 61$7*%& 8.9::& 01;15)%<7)&
!"##$#"%&<7)+%4$*<"%&& =>?& &
@A<"5<"7&#"%&5"##$#"%&B7"CCA"%&
<7)+%4$*<"%&D&#)&=>?&& ,)E*+& 8.F::& G+;*<71B"+&
!"##$#"%&($%5$#)*7"%&& @"%(*+"& /$()*+.61$7*%&
!"##$#"%&($%5$#)*7"%&4*CCA7"+5*A"%&HC*I7"%&
($%5$#)*7"%J&&1$&+1+&H(21I#)%<"%J& 61$7*%& 8.8::& @)51&
& K29L& /$()*+& ,)&5')*+"&#1$74"&4"&(21%*+"& 61$7*%&& 8.L::& 6*B()&
!"##$#"%&%<71()#"%& !@M:& N)<& !"##$#"%&4O17*B*+"&)4*E"$%"& 61$7*%& 8.L::& P@&65*"+5"%&
& !@Q9& N)<& !"##$#"%&4O17*B*+"&)4*E"$%"& 61$7*%& 8.L::& P@&65*"+5"%&
!"##$#"%&5)74*)R$"%&& α−+,6*&*&-! N)<./$()*+& K)7R$"$7&5)74*)R$"&<)74*C& 61$7*%& 8.9::& G+;*<71B"+&
& 0S3LTU& /$()*+& K)7R$"$7&5)74*)R$"&E7A515"& 61$7*%& 8.U:& N@&%2%<"(&
& !@8U& /$()*+& K)7R$"$7&5)74*)R$"&E7A515"& 61$7*%& 8.U:& K*##*E17"&
& VI3U& /$()*+& K)7R$"$7&5)74*)R$"&E7A515"& ,)E*+& 8.U::& -I5)(&
!"##$#"%&%1$5'"%&& !WX*<& N)<./$()*+& !"##$#"%&%1$5'"%&"+41BY+"%& ,)E*+& 8.8::& @)51&
!"##$#"%&"+41<'A#*)#"%& NZ!-& N)<& K)7R$"$7%&4"%&;)*%%")$3&%)+B$*+%& 61$7*%& 8.U:& 6"71<"5&
K)571E')B"%& !@[F& N)<& K1+152<"%.K)571E')B"%& 61$7*%& 8.8::& -I@6"71<"5&
& Z@L& N)<& K)571E')B"&KL& 61$7*%& 8.U:& -I@6"71<"5&





4%3de! 676+$! -'6! -C6/+*6! -&! (6*$*'+&6! 0(! @/*i7$! M"&J*6/7=-&N! '-$7&! $-'!
/-,788+&0+6*7&'! 0(! )+F/*,+&6#! 4-! /-&0-8-&6! 0-! $%-C6/+,6*7&! -'6! 8-'(/5! <+/!
$%+F'7/F+&,-!Z!BG?!&8!Z! $%+*0-!0%(&! '<-,6/7<A7678U6/-#!>!l=!0-! $%3de! 676+$! -'6!(6*$*'5!
$7/'!0-!$+!6/+&',/*<6*7&!*&J-/'-!<7(/!'E&6A56*'-/!$%3Ie!,78<$58-&6+*/-!'(/!(&-!8+,A*&-!
@A-/87,E,$-/!@.D>B!M870U$-!RO?LRO>\!/5)!2V>>>\!@A-/87!;$-,6/7&!,7/<7/+6*7&N#!`&-!
0-(C*U8-! 56+<-! 0-! S.d! ,$+''*1(-! -'6! +X7(65-! <7(/! +8<$*)*-/! $%3Ie,! 'E&6A56*'5!







)$(7/-',-&,-! Md7,A-\! $*=A6! ,E,$-/! D]?N\! /-$*5! Z! (&-! (&*65! *&)7/8+6*1(-! <-/8-66+&6! $-!
'67,z+=-! 0-'! 07&&5-'! =/m,-! Z! (&! $7=*,*-$! '<5,*)*1(-#! 4+! S.d! 1(+&6*6+6*J-! /-<7'-! '(/!
$%(6*$*'+6*7&! 0%(&-!87$5,($-! *&6-/,+$+&6-! K:dY/--&! 1(*! &%58-6! 0-! $+! )$(7/-',-&,-! 1(-!
$7/'1(%-$$-!'%*&,7/<7/-!0+&'!0-!$%3Ie!07(F$-!F/*&!-&!,7(/'!0-!<7$E85/*'+6*7&#!`&!/+E7&!
$+'-/! -C,*6-! $+! 87$5,($-! *&6-/,+$+&6-! -6! $+! )$(7/-',-&,-! 58*'-! -'6! ,+<65-! <+/! (&!























0+&'! $-! /-870-$+=-! 0-! $+! 8+6/*,-! +*&'*! 1(-! ,-(C! 0-! $-(/'! *&A*F*6-(/'#! ?\V! l=! 0%3de!
-C6/+*6! Z! <+/6*/! 0-'! 5,A+&6*$$7&'! ,-$$($+*/-'! +! '-/J*! <7(/! $%56+<-! 0-! $+! 6/+&',/*<6*7&!
/-J-/'-!<+/!$-!d@f!a*/'6!K6/+&0!*6#!4%56+<-!0-!$%+8<$*)*,+6*7&!0-!$%3Ie,!<+/!d@TS.d!+!565!






S3Y;! MK70*(!" #$%&'()" *+),-.&" /$)(-'0()-!1%&" 2&)" 3)&'.0$/4$0&5156" %-75" +7" .-!/$7"
!"#$T! !"#$%&'T!"#$% &'&% ()*(% +,-./+01% 2)3(4+34% 567% 8% 9!%,:% -)*/% *3% 01;% <1% 7!%,;=>%
!"#$%&'()#*+(,-&./%&"#,+0(-/%&%1#&2/&)/2&/-&'(2(/1&.0-*+1#*-+3&/22/%&%,-+&+#*-%40#0/%&%1#&
(&-! 8-8F/+!"# $"# !%&'()"**+*(,"# -.('/0*(&1# ,(+,# +!# )(+'/!&# )(!,&/!&# $"# 233# 45#
!"#$%#&' (' )"*+"' $%#,' *#' &%-!.#' /01' -2' 3+4,T!"#$% &'(% )*% +#,-./0$% 1!% 2$3$% &45%
!"#$%&'()*+*,,-(.$(/$"01$"2&%(34/(/2"4/(%&%(/5!6272804/(34('$(949:1$%4(301$%"(;(#(<(=(>?(
-'6!-))-,6(5-!0+&'!$-!!"#$%&'()*+T!"#$%&'$()*$+!$,*&*$-&'$()$./"#*$/001213445$06$&7$













4-! '-(*$! 0-! '*=&*)*,+6*J*65!! 0-'! 6-'6'! -'6! 0-! ?\?V! -6! $-'! +&+$E'-'! '6+6*'6*1(-'! '7&6!
-))-,6(5-'!+J-,!$+!J-/'*7&!2#>!0(!$7=*,*-$!'6+6*'6*1(-!K3K!M.+/E\!e.!BOV>R\!6+6'T`&*'N#!!
4-'! ,A+&=-8-&6'! 0+&'! $-'! <+/+8U6/-'! 0-! $+! )7&,6*7&! J-&6/*,($+*/-! =+(,A-!
Ma/+,6*7&!0%5X-,6*7&!a;\!a/+,6*7&!0-!d+,,7(/,*''-8-&6!ad\!P7$(8-!@5$50*+'67$*1(-!P@I!
-6! P7$(8-! @5$5'E'67$*1(-! P@KN! '7&6! ,78<+/5'! -&6/-! =/7(<-'! -&! (6*$*'+&6! (&-! +&+$E'-!





































































&/3* C)%4-#,$)-'F* (/..'.-$)3,3* ?-$* $-??%$#* V* (/'F* &/3* )"^/(#)%"3*
(%"@/"#)%""/../3*&/*(/..'./3*H*
.7&)U/-! +/6*,$-! -&!3&&-C->!H! ^!.-$$!I-$*J-/EH! "&6/+8E7,+/0*+$! "&X-,6*7&'!7/!
;<*,+/0*+$!I-<7'*6*7&{!3!c-+0T67Tc-+0!.78<+/*'7&!_!
.788-! *$! +!565!0-J-$7<<5!</5,50-88-&6!0+&'! $%*&6/70(,6*7&\!(&!0-'!</7FU8-'!
8+X-(/'!0-!$+!6A5/+<*-!,-$$($+*/-!-'6!$+!87/6!0-'!,-$$($-'!+</U'!$-'!*&X-,6*7&'#!4-!</-8*-/!
7FX-,6*)! 0-! ,-! 6/+J+*$! +! 565! 0-! 6/7(J-/!(&!87E-&!<7(/! 6/+&')5/-/! $-'! ,-$$($-'! Z! $+! i7&-!
*&)+/,*-!0(!,k(/!67(6!-&!$*8*6+&6!$-(/!87/6+$*65#!3!<+/6*/!0-!$%AE<76AU'-!'-$7&!$+1(-$$-!$+!
,7(J-/6(/-! 5<*,+/0*1(-! <+/! (&! F*78+65/*+(! ,-$$($+/*'5! <7(//+*6! +85$*7/-/! $+! /56-&6*7&!
,-$$($+*/-\! $+! '(/J*-! 0-'! ,-$$($-'\! $-(/! </7$*)5/+6*7&! -6! 07&,! $+! )7&,6*7&! 0(! J-&6/*,($-!
=+(,A-!&7('!+J7&'!J7($(!6-'6-/!*N!$-'!-))-6'!0-!$+!=/-))-!0%(&-!8+6/*,-!0-!=5$+6*&-!<7/,*&-!
^!Y;4aW3Qg!_! *&,7/<7/5-! <+/! $-'! ,-$$($-'! 0%*&65/t6! **N! +*&'*! 1(-! ,-(C! 0-! $+! =/-))-! 0-'!
)-(*$$-'!0-!,-$$($-'!,($6*J5-'!'(/!0-'!<7$E8U/-'!0-!)*F/*&-#!
S7(/!56+F$*/!$+!</-(J-!0-!,-!,7&,-<6\!$-!6E<-!,-$$($+*/-!/-6-&(!+!565!$-'!8E7F$+'6-'!
'1(-$-66*1(-'#! ;&! <$('! 0-! $%-C<5/*-&,-! 0(! $+F7/+67*/-! +J-,! ,-! 6E<-! 0-! ,-$$($-'\! $-'!





I+&'! $%7<6*1(-! 0%+85$*7/-/! $+! '(/J*-! 0-'! 8E7F$+'6-'! +</U'! $+! =/-))-\! *$! 56+*6!




4-! &78F/-! 0-! ,-$$($-'! *&,7/<7/5-'! 0+&'! $-! Y;4aW3Qg! +! 565! 1(+&6*)*5! +</U'!




5J+$(5! Z! (&-! 87E-&&-! 0-! R#>?G! 8E7F$+'6-'! +(! F7(6! 0-! 6/7*'! '-8+*&-'! +</U'!








'-*&! 0-! $+! )-(*$$-! +! 565! -))-,6(5! <+/! (&! 8+/1(+=-! +&6*T*GO! 1(*! +! 87&6/5! (&! <*,! 0-!
























































`&-! +85$*7/+6*7&! '*=&*)*,+6*J-! 0-! $+! )7&,6*7&! ,7&6/+,6*$-! MF+'5-! '(/! $+! a;N! +! 565!
7F'-/J5-!0+&'!$-!=/7(<-!Y;4aW3Qg!<(*'!0+&'!$-!=/7(<-!a-(*$$-'!0-!,-$$($-'!<+/!/+<<7/6!













































































































3(,(&-! '*=&+$! &%+! 565! 056-,65! 0+&'! $-! =/7(<-! .7&6/p$-#! 4-'! ,7&,-&6/+6*7&'! 0%3Ie!
1(+&6*)*5-'! 0+&'! $-'! 6/7*'! =/7(<-'! ,7&'*05/5'! MQE7F$+'6-'\! Y;4aW3Qg! -6! a-(*$$-! 0-!
,-$$($-'N! '7&6!-C</*85-'! '7('! )7/8-!0-!850*+&-'! 8*&\!8+C! M?\??!&=Ll$! ?\??!n!B\G?\!
G\B?! &=Ll$! ?\??!n! >O\D?! -6! ?\??! &=Ll$! ?\??!n! ]]\??N#! .-'! /5'($6+6'! ,7&)*/8-&6! (&-!
'(/J*-!,-$$($+*/-!<$('!*8<7/6+&6-!0+&'!$-!=/7(<-!a-(*$$-!0-!,-$$($-'!<(*'!0+&'!$-!=/7(<-!


















































































87*'! +</U'! $-'! 6/+&'<$+&6+6*7&'#! 4+! a*=(/-! a!87&6/-! (&-! ,-$$($-! 07(F$-8-&6!8+/1(5-!
+J-,!$-'!0-(C!+&6*,7/<'!,*65'!</5,50-88-&6#!!
;&! /-J+&,A-\! 67(6-'! $-'! ,-$$($-'! 056-,65-'! /-'6-&6! ,7$$5-'! '7*6! Z! $+! 8+6/*,-! '(/!






4+! 1(+&6*)*,+6*7&! 0-'! J+*''-+(C! '+&=(*&'! +</U'! *88(&78+1(+=-! Z! $%+*0-! 0-!

















=%"#$`./*S"n6T* >2O\O]! >]2\?2! B?O\]2!
2N%C.-3#/3*S"n6T* R??\V]! BR2\G?! RRO\OO!
+OGa]E2gS"n6T* DO?\2>! RRG\O?! VVO\]R!







;&! <$('! 0-'! J+*''-+(C! '+&=(*&'! &57)7/85'! 0+&'! $+! i7&-! *&)+/,*-! 0-'! ,k(/'! 0(!
=/7(<-!Y;4aW3Qg\!(&-!J+',($+/*'+6*7&!*8<7/6+&6-!0(!<+6,A!0-!Y;4aW3Qg!$(*!8t8-!+!
565!7F'-/J5-!,788-!$-!87&6/-!$+!a*=(/-!>R!,*T0-''7('#!
































































4%+&+$E'-! 0-'! B>G! ,7(<-'! 6/+*65-'! <+/! $-! d7(=-! K*/*('! +! <-/8*'! 0%7F'-/J-/! (&-!
0*8*&(6*7&!0(!<7(/,-&6+=-!0-!$+!i7&-!0-!)*F/7'-!0+&'!$-'!,k(/'!0-'!=/7(<-'!Y;4aW3Qg!
-6! a-(*$$-'! 0-! ,-$$($-'! <+/! /+<<7/6! +(C! ,k(/'! 0-'! 0-(C! +(6/-'! =/7(<-'! M@+F$-+(!>B! -6!
a*=(/-!>DN#!@7(6-)7*'\!$-'!J+$-(/'!-&/-=*'6/5-'!&-!'7&6!'*=&*)*,+6*J-'!1(-!0+&'!$-!=/7(<-!







=%"#$`./*S"n*6T* GO\B! GB\G! OR\D!
2N%C.-3#/3*S"n*6T* GR\V! VR\D! OV\#2!
+OGa]E2gS"n*6T* RO\R! RR\!G! R2\D!




































































































4-'! F5&5)*,-'! 0%(&-! ,7(J-/6(/-! 5<*,+/0*1(-! <+/! 0-'! F*78+65/*+(C! ,-$$($+/*'5'!!








70* ;)II,$/"()-#)%"* &/3* E;W=* 3'$* 3'??%$#* (.-33)K'/* %'*
#5/$4%3/"3)C./*H*






 CTRL               Ad    CTRL                Ad   
ADSC ADSC UpCell 24h 
 CTRL               Os    CTRL                Os   
50µm 50µm 50µm 







A0 *;,#/$4)"-#)%"* &/3* >["/3* )4?.)K',3* &-"3* .-* I%$4-#)%"* &/* .-*
4-#$)(/*/F#$-(/..'.-)$/*S2O=TH**
3)*&! 0%*0-&6*)*-/! $-'! </*&,*<+(C! =U&-'! Z! $%7/*=*&-! 0-! $+! )7/8+6*7&! 0-! $+! )-(*$$-!
0%3IK.\!&7('!+J7&'!(6*$*'5!(&! 'E'6U8-!0-!S.d!1(+&6*6+6*J-!^!d@f!S/7)*$-/!S.d!3//+E!_!
1(*! <-/8-6! 0-! /5J5$-/! $%-C</-''*7&! 0-! ]D! =U&-'! *8<$*1(5'! 0+&'! $+! )7/8+6*7&! 0-! $+!
8+6/*,-! -C6/+,-$$($+*/-#! .-! 'E'6U8-! +!87&6/5! 1(%*$! &%E! +! <+'! 0-! 0*))5/-&,-! '*=&*)*,+6*J-!
0+&'!$%-C</-''*7&!0-!,-'!=U&-'!1(-$'!1(-!'7*-&6!$-!'(<<7/6!-6!$-!6-8<'!0-!,($6(/-!MBD!7(!
D]A!na*=(/-!>GN#!4+!,7&)$(-&,-!0-'!,-$$($-'!'-8F$-!t6/-!Z!$%7/*=*&-!0-!$+!)7/8+6*7&!0-!$+!
8+6/*,-! -C6/+,-$$($+*/-#! .-<-&0+&6\! $%-C</-''*7&! 0-! ,-/6+*&'! =U&-'! +! '*=&*)*,+6*J-8-&6!
+(=8-&65!0+&'!$-'!5,A+&6*$$7&'!0-!,-$$($-'!,($6*J5-'!'(/! $-!'(<<7/6!6A-/87'-&'*F$-!<+/!
/+<<7/6! +(C! ,-$$($-'! -&! '('<-&'*7&! Ma*=(/-! >ON#! .-'! /5'($6+6'! &7('! 7&6! <-/8*'! 0-!
'5$-,6*7&&-/!V!=U&-'!*8<$*1(5'!0+&'!$+!)7/8+6*7&!0-!$+!8+6/*,-!-C6/+,-$$($+*/-!-6!1(*!'7&6!
/-'<7&'+F$-'!0-! $%+0A5'*7&! *&6-/,-$$($+*/-!-6!0-! $+! )7/8+6*7&!0-! $+! )-(*$$-!0-!,-$$($-'#! "$!
'%+=*6! 0-! $%"&6-=/*&! +$<A+B! M"6=+BN! M<?#?>RN\! $%;$+'6*&!8*,/7)*F/*$! *&6-/)+,-/>! M;8*$*&>N!
M<?#?>?N\! $-! @*''(-! *&A*F*67/! 7)!8-6+$$7<-<6*0+'->! M@*8<>N! M<?#?>2N\! $+! .A7&0/7*6*&!




















60* Z,$)I)(-#)%"* &/* .J/F?$/33)%"* &/3* >["/3* &/* .-* 4-#$)(/*
/F#$-(/..'.-)$/*/#*&/*(/$#-)"3*I-(#/'$3*&/*($%)33-"(/H*
3)*&!0-!J+$*0-/! $-'!/5'($6+6'!</5,-0-&6'\!,-'!-C<5/*-&,-'!7&6!565!,78<$565-'!<+/!
0-'! S.d! 1(+&6*6+6*J-'! Z! $%+*0-! 0%+87/,-'! 0-'! </*&,*<+(C! =U&-'! *&6-/J-&+&6! 0+&'! $+!






























Figure 16 : Comparaison de l’expression des gènes de la MEC entre une culture des ADSC sur boite 





























Figure 17 : Comparaison de l’expression des gènes de la MEC entre une culture des ADSC sur 












































































































































$-'! )-(*$$-'! 0-! ,-$$($-'! <+/! /+<<7/6! +(C! *&X-,6*7&'! 0*/-,6-'! 0-'!8t8-'! ,-$$($-'! 0+&'! $-!
8E7,+/0-!-'6! ! $-! '(*J*!0-! $+! '(/J*-!0-'!+&*8+(C!+(! '-*&!0-! ,A+1(-!=/7(<-#!I+&'! ,-66-!
56(0-\!'-($'!!DD!+&*8+(C!'(/!]B!/+6'!=/-))5'!7&6!'(/J5,(!X('1(%+(!878-&6!0(!'+,/*)*,-#!
4%56(0-!0-! $+! '(/J*-!87&6/-! 1(%*$! E! +! (&-!0*))5/-&,-! '*=&*)*,+6*J-! -&6/-! $-'! 6/7*'!









ADSC en Suspension      Feuille d’ADSC/ 24h-1    Feuille d’ADSC/ 24h-2     Feuille d’ADSC/ 24h-3 
 
63 
0-! $%*&X-,6m6!&%-'6!<+'! '*=&*)*,+6*J-8-&6!0*))5/-&6!-&6/-! $-!=/7(<-!.7&6/p$-!-6! $-!=/7(<-!
"&X-,6*7&'!0-!,-$$($-'#!!
3(! 676+$! \! >DLBD! /+6'! 7&6! '(/J5,(! X('1(%Z! $+! )*&! 0-! $%56(0-! M0-(C!87*'N! 0+&'! $-!
=/7(<-!.7&6/p$-\!>VLRO!/+6'!0+&'!$-!=/7(<-!0-'!*&X-,6*7&'!0%3IK.!-6!>VLB>!/+6'!J*J+&6'!
0+&'!$-!=/7(<-!a-(*$$-'!0-!,-$$($-'#!4+!8+X7/*65!0-'!87/6'!+!565!-&/-=*'6/5-!<-&0+&6!$-'!
6/7*'! </-8*U/-'! '-8+*&-'! 1(*! '(*J-&6! $-'! =/-))-'! -6! <+/6*,($*U/-8-&6! <-&0+&6! $-'!
</-8*U/-'!D]A#!
!


























































4-'! <+/+8U6/-'! 0-! F+'-! 0-! $%5J+$(+6*7&! 0-! $+! )7&,6*7&! ,+/0*+1(-! 7F6-&('! <+/!
5,A7,+/0*7=/+<A*-! 0-(C!87*'! +</U'! $-'! 6/+&'<$+&6+6*7&'! &-! '7&6! <+'! '*=&*)*,+6*J-8-&6!
0*))5/-&6'! -&6/-! $-'! 0*))5/-&6'! =/7(<-'! M@+F$-+(! >DN#! @7(6-)7*'\! (&-! +(=8-&6+6*7&! 0-'!
J7$(8-'! 0*+'67$*1(-'! -6! 'E'67$*1(-'! 0+&'! $-'! =/7(<-'! "&X-,6*7&'! 0%3IK.!
Q7E-&&-BV\2r!n! "&6-/J+$$-! 0-! .7&)*+&,-! M".N! 2VrH! T?\Dr!n! V2\Br! M<?\?VN! -6!
.7&6/p$-! V>\Br! M".! 2VrH! >]\Grn! 2B\]rN! M<?\??>N! -'6! 7F'-/J5-! +$7/'! 1(-! 0+&'! $-!
=/7(<-! a-(*$$-'! 0-! ,-$$($-'\! ,-'! J7$(8-'! /-'6-&6! *&,A+&=5'! B\]rn! M".N! 2VrH! T>]\Orn!
[R?rn!<?\]>!<+/! /+<<7/6!Z! $+!J+$-(/! *&*6*+$-#!I+&'! $-'!=/7(<-'! "&X-,6*7&'!7(!a-(*$$-'!
0%3IK.\! $-'! J+$-(/'! <7'6T=/-))-'! '7&6! *0-&6*1(-'! -6! 87&6/-&6! (&-! </5'-/J+6*7&! 0(!
/-870-$+=-!J-&6/*,($+*/-!<+/!/+<<7/6!+(!=/7(<-!,7&6/p$-#!








4P;IP!M8$N! ! 4P;KP!M8$N! ! 4P;a!MrN!
S/5T=/-))-! S7'6T=/-))-! !! S/5T=/-))-! S7'6T=/-))-! !! S/5T=/-))-! S7'6T=/-))-!
.7&6/p$-! >D! ?\RR?\?2! ?\VB?\BB! ! ?\>G?\?V! ?\RO?\B>! ! VR\?G\>! RB\V>R\R!
"&X-,6*7&'!!
0%3IK.!! >V! ?\RR?\?2! ?\D>?\>?!! ! ?\>]?\?O! ?\BD?\?]!! ! DV\G2\D! DB\R2\B!
a-(*$$-'!






!4+! </5'-&,-! 0-'! ,-$$($-'! =/-))5-'! +! 565! J5/*)*5-! <+/! *88(&78+/1(+=-'! -&!










4-'! ,-$$($-'! =/-))5-'!8+/1(5-'! Z! $+! YaS\! '7&6! 056-,65-'! 0+&'! G! ,k(/'! '(/! $-'! G!!




































3! $+! '(*6-! 0-! $+! 056-,6*7&! 0-'! ,-$$($-'! =/-))5-'! =/m,-! Z! $%+&6*,7/<'! +&6*TYaS\!
0*))5/-&6'!07(F$-'!8+/1(+=-'!7&6!565!(6*$*'5'!<7(/!05)*&*/!$-!0-J-&*/!0-'!,-$$($-'!B!87*'!
+</U'! $+! 6/+&'<$+&6+6*7&!H! *N! 4-! 07(F$-!8+/1(+=-! +&6*TYaSL+&6*T.IG]! +!87&6/5! $+! &7&!
,7$7,+$*'+6*7&! 0-'! 8+,/7<A+=-'! +J-,! $-'! ,-$$($-'! YaS[! ,-! 1(*! </7(J-! 1(-! $-'! ,-$$($-'!
=/-))5-'!&-! '7&6!<+'!<A+=7,E65-'!<+/!0-'!8+,/7<A+=-'! Ma*=(/-!BR!3T.N! n! **N!4-!07(F$-!





























!!!0*O@-.'-#)%"* &J'"* ?-#(5* (%4?%3)#/*&-"3* '"* 4%&[./* 4'$)"*
&J)"I-$(#'3*&'*4N%(-$&/*H*E$#)(./*/"*(%'$3*&/*$,&-(#)%"*H*
*
.788-! *$! +! 565! 0587&6/5! </5,50-88-&6\! $%(6*$*'+6*7&! 0-! )-(*$$-'! 0-! ,-$$($-'!





&7('! '788-'! 7/*-&65'! J-/'! ,-! 6E<-! 0-! F*78+65/*+(! 1(*! </5'-&6-! 0-! 8-*$$-(/-'!
</7</*565'! 85,+&*1(-'#! @7(6-)7*'\! &7('! +J7&'! '(F'6*6(5! Z! $%5<7&=-! 0-! ,7$$+=U&-!
*&*6*+$-8-&6! 6-'65-! MY;4aW3QgN\! (&! )*$8! 8*&,-! MOV! 8*,/7&'N! 0(! 8t8-! 8+65/*+(!
MY;4a"4QbN! +)*&! 0%5J*6-/! $%+<7<67'-! 0-'! ,-$$($-'! +E+&6! 8*=/5-'! +(! ,k(/! 0-! $%5<7&=-\!
,%-'6TZT0*/-!0+&'!$+!i7&-!$+!87*&'!<-/85+F$-!+(!8*$*-(!0-!,($6(/-!-6!+(C!&(6/*8-&6'!1(%*$!
,7&6*-&6#! S7(/! 7<6*8*'-/! $-! F5&5)*,-! 0-! ,-'! =/-))-'\! &7('! +J7&'! <+/! +*$$-(/'! 7<65! <7(/!
$%-&'-8-&,-8-&6!0-!,-!<+6,A!+J-,!(&-!,($6(/-!8*C6-!+''7,*+&6!0-'!,-$$($-'! !Z!<76-&6*-$!
0-! 0*))5/-&,*+6*7&! ,+/0*78E7=5&*1(-!M</7=5&*6-(/'! ,+/0*+1(-'! 05/*J5'! 0-! ,-$$($-'!





4+! ,7$7&*'+6*7&! 0-'! ,($6(/-'! ,-$$($+*/-'! 8*C6-'! '(/! $-! <+6,A! Y;4a"4Qb! +! 565!
7F'-/J5-!!"#$!&'%!<+/!8*,/7',7<*-!7<6*1(-!7(!8*,/7',7<*1(-!5$-,6/7&*1(-!Z!F+$+E+=-!-6!+!
<-/8*'!0-!J5/*)*-/!$+!/5<+/6*6*7&!-6!$%7/=+&*'+6*7&!0-'!0-(C!<7<($+6*7&'!,-$$($+*/-'!M3IK.!






































4+!,($6(/-! '*8<$-!,788-! $+! ,7T,($6(/-!87&6/-&6!(&-!0*8(&*6*7&!0(!&78F/-!0-!









.788-! $%7F'-/J+6*7&! -&! 8*,/7',7<*-\! ,-66-! 6-,A&*1(-! &%+! <+'! <-/8*'! 0-!
056-/8*&-/! $-!&78F/-!-C+,6!0-!,-$$($-'!,7//-'<7&0+&6!Z!,A+1(-!<7<($+6*7&!0-!,-$$($-'!





,78<7'*6-'! M>! -6! BN! -&! /+<<7/6+&6! $+! ,7&,-&6/+6*7&! 0%3Ie! Z! ,-$$-! 056-,65-! Z! $%+*0-!

























































A0* =-$-(#,$)3-#)%"* ?5,"%#N?)K'/* &/3* ('.#'$/3* (/..'.-)$/3*4)F#/3*
3'$*./*?-#(5*+OGa!G2g*H*
4+! J5/*)*,+6*7&! 0(! <A5&76E<-! 0-'! </7=5&*6-(/'! ,($6*J5-'! '(/! $-! <+6,A! +J+&6! $-'!
=/-))-'!+!565!/5+$*'5-!Z!$%+*0-!0-'!+&6*,7/<'!+&6*T.I>V!-6!+&6*TezCB#V#!e7('!+J7&'!(6*$*'5!
$-! I3S"! <7(/! /-<5/-/! $-'! ,-$$($-'! 85'-&,AE8+6-('-'! Ma*=(/-'! BGN#! 4-'!
*88(&78+/1(+=-'! 7&6! 87&6/5! (&-! 7/=+&*'+6*7&! 0-'! </7=5&*6-(/'! ,+/0*+1(-'! '7('!
)7/8-!0-!,7$7&*-'!1(*!/-<5'-&6-!(&-!,+/+,65/*'6*1(-!0-!,-'!,-$$($-'#!4-'!'(<-/<7'*6*7&'!

























0+&'! $-! =/7(<-!Y;4a"4Qb! ,78<7'*6-! -6! ,7&6/+'6-! +J-,! $+! 0565/*7/+6*7&! 0-! $+! )7&,6*7&!
0+&'!$-!=/7(<-!Y;4a"4Qb!'-($#!4-'!J+$-(/'!0-!$+!a;!-6!0-!$+!ad!'7&6!'*=&*)*,+6*J-'!+(!BU8-!
87*'! +</U'! $+! =/-))-! M<?\?RN! -6! $+! 6-&0+&,-! ($65/*-(/-! /-'6-! 67(X7(/'! -&! )+J-(/! 0(!




































































































































































































































































































































































































































































&7('! &%+J7&'! <+'! 056-,65! 0-! .K;A#! I%+(6/-! <+/6! &7('! &%+J7&'! <+'! <(! 0*'6*&=(-/! $-'!





=/7(<-'! 0%+&*8+(C! =/-))5'! 7&6! 565! 8+/1(5-'! +J-,! $%+&6*Td;.3#! `&-! +(=8-&6+6*7&!
'*=&*)*,+6*J-!0(!&78F/-!0-!J+*''-+(C!'+&=(*&'!&57T)7/85'!+!565!7F'-/J5-!0+&'!$+!i7&-!
*&)+/,*-! 0+&'! $-'! ,k(/'! 0(! =/7(<-! 0-! Y;4a"4Qb! ,78<7'*6-! <+/! /+<<7/6! +(! =/7(<-!
Y;4a"4Qb! '-($! M<?\??BDN#! 3(,(&-! 0*))5/-&,-! '*=&*)*,+6*J-! 0(! &78F/-! 0-! J+*''-+(C!


















GRG\OB! B?]\>D! VOG\B]! G2O\>G!
!"I-$()/* Y;4a"4Qb!
'-($!M&GN!




D>G\2O! >RV\22! ROO\D]! DVG\DG!
W-)"/* Y;4a"4Qb!
'-($M&GN!



















































+8]jQO* Q7E-&&-!M5,+/6T6E<-N! ".!2Vr! 850*+&-!M"hdN!
+OGa!G2g*3/'.*
S"neT* B]\GR!M>?\>VN! BV\B?!T!RB\?O! BO\GB!M>B\]BN!
+OGa!G2g*































































4%*&'())*'+&,-! ,+/0*+1(-! +</U'! (&! *&)+/,6('! 0(!8E7,+/0-! -'6! (&-! <+6A7$7=*-! $-!
<$('!'7(J-&6!</7=/-''*J-#!4+!0*8*&(6*7&!0-!$+!)7&,6*7&!,7&6/+,6*$-!-'6!05<-&0+&6-!0-!$+!





4%7FX-,6*)! </-8*-/! 0-! $+! 6A5/+<*-! ,-$$($+*/-! -'6! &7&! '-($-8-&6! 0-! /-<-(<$-/! $+!
i7&-!0-! )*F/7'-!<+/!0-'!,-$$($-'!J*+F$-'!-6!5J-&6(-$$-8-&6!Z!<76-&6*-$!,7&6/+,6*$-\!8+*'!
+(''*!0%+''(/-/!(&-!*&6-/+,6*7&!+J-,!$-!6*''(!Ap6-#!4-'!0*))5/-&6-'!6-,A&*1(-'!0-!=/-))-'!
0-! ,-$$($-'! M*&X-,6*7&! '7('! 5<*,+/0*1(-\! <+/! ,+6A56-/N! &-! <-/8-66-&6! 1(%Z! (&-! <-6*6-!
)/+,6*7&! 0-! ,-$$($-'! 0-! /-'6-/! </5'-&6-'! 0+&'! $-! ,k(/!H! ,-$$-'T,*! '%5,A+<<-&6! 0-'! '*6-'!
0%*&X-,6*7&! <+/! $-'! <7*&6'! 0-! <7&,6*7&! -6L7(! 0+&'! $-'! J-*&-'! -6! 0+&'! $-'! J+*''-+(C!
$E8<A+6*1(-'! 1(*! 0/+y&-&6! $+! i7&-! ,*,+6/*,*-$$-! J-/'! $+! ,*/,($+6*7&! =5&5/+$-#! I-! <$('\!
X('1(%Z! 2?r! 0-! ,-$$($-'! /-6-&(-'! J7&6! 87(/*/! 0+&'! $-'! A-(/-'! -6! $-'! X7(/'! '(*J+&6'!
MGR\GDN#!4%+F'-&,-!0-! )*C+6*7&!0-'!,-$$($-'!-&6/-!-$$-'!-6!Z! $+!8+6/*,-!-C6/+,-$$($+*/-! $-'!
/-&0! <+/6*,($*U/-8-&6! J($&5/+F$-'! M>B]\>B2N#! 4+! <-/6-! 0-! ,7&6+,6! -&6/-! $-'! ,-$$($-'!
'(<</*8-! -&! -))-6! $-'! *&6-/+,6*7&'! 1(*! $-(/! <-/8-66-&6! 0-! '(/J*J/-\! </7$*)5/-/! -6!
'%7/*-&6-/!0+&'!$-(/!'<5,*)*,+6*7&#!4-'!,-$$($-'!8-(/-&6!+(''*!<+/!&5,/7'-!,7&'5,(6*J-!Z!
$%*',A58*-! M>R?N! -6! <+/! +<7<67'-! 0(! )+*6! 0-! $-(/! /-$+6*J-! '-&'*F*$*65! +(C! '*=&+(C!
+<7<676*1(-'!M'6/-''!7CE0+6*)\!$5'*7&'!&(,$5+*/-'N!-6!Z!$+!05)*,*-&,-!$7,+$-!-&!)+,6-(/'!0-!
,/7*''+&,-! M>R>N#!;&)*&\! $+! 6-,A&*1(-! ,$+''*1(-!0%*&X-,6*7&'!8($6*<$-'!&7('!-'6! +<<+/(-!
<-(!'+6*')+*'+&6-!,+/!,78<7/6+&6!<$('*-(/'!*&,7&J5&*-&6'\!&76+88-&6!$+!87/6!,-$$($+*/-!
Z! $+1(-$$-! '%+X7(6-&6! (&-! 0*'6/*F(6*7&! +$5+67*/-! -6! )*&+$-8-&6! +''-i! *8</5,*'-! 0-'!
,-$$($-'\!(&-!)+*F$-!/-</70(,6*F*$*65!-6!$+!,/5+6*7&!0-!8($6*<$-'!)7E-/'!*&6/+T8E7,+/0*1(-'!
1(*! <-(J-&6! </7J71(-/! 0-'! F$7,'! 0-! ,7&0(,6*7&! -6! 07&,! 0-J-&*/! +/E6A87=U&-'\!
*&05<-&0+88-&6! 0(! 6E<-! ,-$$($+*/-! *&X-,65! M>RBN#!=J/3#* ?%'$* (/##/* $-)3%"* K'/* "%'3*
-@%"3*#/"#,*&/*3'C3#)#'/$*-'F*)"^/(#)%"3*V*.J-)>')../*.-*(%'@/$#'$/*,?)(-$&)K'/*&/*.-*
v%"/* ()C./* ?-$* '"* C)%4-#,$)-'* (/..'.-$)3,0* .-66-! &7(J-$$-! +<</7,A-! </5'-&6-!
<$('*-(/'!+J+&6+=-'!H!*N!-$$-!-'6!+6/+(8+6*1(-!<7(/!$-!8E7,+/0-\!/+<*0-!-6!/-</70(,6*F$-!n!
**N!-$$-!5J*6-!+(C!,-$$($-'!=/-))5-'!$%+=/-''*7&!1(-!/-</5'-&6-!$+!0*''7,*+6*7&!-&iE8+6*1(-!
/-1(*'-! <+/! $+! 8*'-! -&! '('<-&'*7&#! .-66-! ,7(J-/6(/-! 5<*,+/0*1(-! )+J7/*'-! +*&'*! $+!
 
81 
,7A5'*7&! 0-'! ,-$$($-'! Z! 6/+J-/'! $-(/! +&,/+=-! Z! (&-! 8+6/*,-! -C6/+T,-$$($+*/-! '5,/565-!
<-&0+&6!$+!<A+'-!0-!,($6(/-#!e76/-!,A7*C!'x-'6!0%+F7/0!<7/65!'(/!0-(C!6E<-'!0-!</70(*6'!
0%*&=5&*-/*-!6*''($+*/-!,+/0*+1(-!H!./3* I/')../3*&/* (/..'./3!-6!'"/*4-#$)(/*&/* >,.-#)"/!
-&'-8-&,5-! +J-,! $-'! ,-$$($-'! 0%*&65/t6\! -&! $%7,,(//-&,-\! 0+&'! (&! </-8*-/! 6-8<'\! 0-'!
8E7F$+'6-'!A(8+*&'#!!
G/3* I/')../3*&/*(/..'./3!,($6*J5-'!'(/!0-'!<7$E8U/-'!0-!)*F/*&-!M>>VN!7(!'(/!0-'!
<7$E8U/-'! 6A-/87'-&'*F$-'! 0-! <7$EMeT*'7</7<E$+,/E$+8*0-N! M>RRN! /-</5'-&6-&6! (&-!
+<</7,A-!</78-66-('-!<7(/!$+!/5=5&5/+6*7&!0(!8E7,+/0-#!;$$-'!<-/8-66-&6!0%7F6-&*/!(&!
6+<*'! ,-$$($+*/-! ,7&'6*6(5! -C,$('*J-8-&6! 0-! ,-$$($-'! )+J7/*'+&6! $%+(67T/-,7&'6/(,6*7&! 0-!




(&-! +85$*7/+6*7&! 0-! $9+&=*7=-&U'-! -6! 0+&'! (&-!87*&0/-!8-'(/-\! (&-! $*8*6+6*7&! 0-! $+!
)*F/7'-!-&!,78<+/+*'7&!+J-,! $-!=/7(<-!0-'! *&X-,6*7&'! *&6/+T8E7,+/0*1(-'!0*/-,6-'#!.-'!
07&&5-'!'7&6!,7A5/-&6-'!+J-,!,-$$-'!1(*!7&6!565!7F'-/J5-'!$7/'!0-'!=/-))-'!0-!)-(*$$-'!0-!
8E7F$+'6-'! 0+&'! 0-'!870U$-'! 0-! ,+/0*78E7<+6A*-\! 0%7/*=*&-! *',A58*1(-! M>RDN! -6! &7&!
*',A58*1(-!M>B>N#!!
Q+$=/5!$-'!F5&5)*,-'!)7&,6*7&&-$'!0-!$+!,7(J-/6(/-!5<*,+/0*1(-!<+/!$-'!)-(*$$-'!0-!
8E7F$+'6-'\! *$! &%E! +J+*6! 1(-! 6/U'! <-(! 0-! ,-$$($-'! 056-,65-'! (&! 87*'! +</U'! $+!!
6/+&'<$+&6+6*7&\!8t8-! '*! ,-! &78F/-! /-'6-! 67(X7(/'! '(<5/*-(/! Z! ,-$(*! /-6/7(J5! 0+&'! $-!
=/7(<-! 0-'! *&X-,6*7&'! 0*/-,6-'! 0+&'! $-!8E7,+/0-#! 4+! /+*'7&! 0-! ,-66-! <-/6-!8+''*J-! 0(!
=/-))7&!/-'6-!<-(!,$+*/-#!4+!'-($-!56(0-!1(*!+!87&6/5! $%-))*,+,*65!0-'! )-(*$$-'!0-!,-$$($-'!
,($6*J5-'!'(/!$-'!<7$E8U/-'!0-!)*F/*&-!+!*8<$*1(5!0-'!,+/0*78E7,E6-'!0-!/+6'!&7(J-+(CT
&5'! M>>VN#! 4+! =/-))-! 0-! ,-'! )-(*$$-'! 0-! ,-$$($-'! +! 87&6/5! (&-! *&6-/,7&&-C*7&!
5$-,6/785,+&*1(-!-&6/-! $-'!,-$$($-'!0-! $+! )-(*$$-!-6! $-!8E7,+/0-!Ap6-\!-6!0-'!</7</*565'!
,7&6/+,6*$-'! $*5-'! Z! (&-! F7&&-! ,+<+,*65! 0%*&65=/+6*7&! 0+&'! $-! 6*''(! /-,-J-(/! +</U'!
'6*8($+6*7&!J-&6/*,($+*/-\!'+&'!/*'1(-!+/E6A87=U&-#!;&!$%+F'-&,-!0%56(0-'!,78<+/+6*J-'!
-&6/-!$-'!-))-6'!0-'!)-(*$$-'!,($6*J5-'!'(/!$-'!<7$E8U/-'!0-!)*F/*&-!-6!,-$$-'!,($6*J5-'!'(/!





4+! 0-(C*U8-! 870+$*65! 0-! ,7(J-/6(/-! 5<*,+/0*1(-! /-<7'-! '(/! $+! =/-))-! 0%(&!
F*78+65/*+(!,-$$($+/*'5!'(/!$+!i7&-!*&)+/,*-!0(!8E7,+/0-#!4-!,A7*C!0(!F*78+65/*+(!'%-'6!
<7/65!'(/!'"/*4-#$)(/*&/*>,.-#)"/*S(%..->["/*&,"-#'$,T*?%$()"/_* ./*+OGa]E2b!1(*!
</5'-&6-! <$('*-(/'! +J+&6+=-'H! (&! '(<<7/6!85,+&*1(-! '6+F$-! <7(/! $+! ,($6(/-! ,-$$($+*/-\!
(&-!<7/7'*65!*8<7/6+&6-!<7(/!$+!)7/8+6*7&!0-'!,+<*$$+*/-'!-6!(&-!8+6/*,-!F*705=/+0+F$-!
</5'-&6+&6! (&!8*&*8(8!09*88(&7=5&*,*65! M>RGN#! ;&! -))-6\! $-! Y;4aW3Qg! +! <-/8*'! 0-!
</765=-/!0-'! ,-$$($-'!-&076A5$*+$-'! ,7&6/-! $-! /-X-6!Z! $+! )7*'!+$$7=5&*1(-!-6! C5&7=5&*1(-!
M>RG\>RON! 8+*'! ,-66-! </7</*565! &9+! <+'! 565! 6-'65-! $7/'! 0-! &76/-! </-8*U/-! 56(0-! 7q!
$9(6*$*'+6*7&! 0-! 8E7F$+'6-'! A(8+*&'! +! /-1(*'! 0+&'! 67('! $-'! ,+'! (&-! 6A5/+<*-!
*88(&7'(<</-''*J-\!+(''*!F*-&!<7(/!$+!,($6(/-!0-'!)-(*$$-'!0-!8E7F$+'6-'!1(-!<7(/!$-'!
*&X-,6*7&'! 0*/-,6-'! 0+&'! $-! 8E7,+/0-#! I-'! 56(0-'! +&65/*-(/-'! 7&6! 87&6/5! 1(-! 0-'!
5<7&=-'! 0-! ,7$$+=U&-! *&,7/<7/+&6! 0*))5/-&6'! 6E<-'! ,-$$($+*/-'! <-(J-&6! X7(-/! $-! /p$-! 0-!
6/+&'<7/6-(/'! -))*,+,-'! <7(/! ! 6/+&')5/-/! 0-'! ,-$$($-'! '7(,A-'! 85'-&,AE8+6-('-'!
,7&6/*F(+&6!Z!$+!/5=5&5/+6*7&!0(!,+/6*$+=-!7''-(C!M>R]N\!0-'!,-$$($-'!-&076A5$*+$-'!<7(/!
$-! ,7&6/p$-! 0-! $+! /5<+/+6*7&! J+',($+*/-! +</U'! (&-! $5'*7&! +/65/*-$$-! M>RGN\! -6! 0-'!
,+/0*78E7F$+'6-'!<7(/!</5'-/J-/!$+!)7&,6*7&!0-'!8E7,+/0-'!*',A58*5'!M]GN#!
I+&'!&76/-!870U$-!0%*',A58*-!8E7,+/0*1(-\!$-!05<p6!5<*,+/0*1(-!0-'!8E7F$+'6-'!
*&,7/<7/5'! 0+&'! $-! Y;4aW3Qg! -'6! Z! $%7/*=*&-! 0%(&-! +85$*7/+6*7&! 0-! $+! )7&,6*7&! 0(!
J-&6/*,($-!=+(,A-!+,,78<+=&5-!0%(&-!&57T+&=*7=5&U'-!0+&'!$-!<+6,A!-6!$+!i7&-!*&)+/,*-!
+*&'*!1(%(&-!$*8*6+6*7&!0-!$+!)*F/7'-#!.-!/5'($6+6!-'6!-&!+,,7/0!+J-,!$-'!7F'-/J+6*7&'!1(-!
$-'!8+6/*,-'! 0-! ,7$$+=U&-! '6*8($-&6! $%+&=*7=-&U'-\! 1(%-$$-'! '7*-&6! (6*$*'5-'! '7('! )7/8-!
$*1(*0-! +J-,! 0-'! ,-$$($-'! '7(,A-'! M>R2N! 7(! '7('! $+! )7/8-! 0%(&-! '6/(,6(/-!
6/*0*8-&6*7&&-$$-!'7$*0-!'+&'!+<<7/6!,-$$($+*/-!M]VN#!!
:*-&! 1(-! $-'! 1(+&6*)*,+6*7&'! 0-! 8E7F$+'6-'! +(! '-*&! 0-! ,A+1(-! =/7(<-! +*-&6!
87&6/5! (&-! 8-*$$-(/-! /56-&6*7&! ,-$$($+*/-! 0+&'! $-! =/7(<-! Y;4aW3Qg\! $-'! ,-$$($-'!
/-6/7(J5-'!'7&6!/-'65-'!,7$$5-'!Z!$+!8+6/*,-!0-!,7$$+=U&-!-6!&%7&6!<+'!<(!8*=/-/!0+&'!$-!
8E7,+/0-#! .-,*! <-(6! t6/-! 0u! +(! 6E<-! ,-$$($+*/-! ,A7*'*! <7(/! ,-66-! 56(0-#! ;&! -))-6\! $-'!
8E7F$+'6-'!</5'-&6-&6! (&! ,+/+,6U/-! <-(! 8*=/+67*/-! -6! '7&6! 0-! <$('! *&,+<+F$-'! 0-! '-!







/5<7&'-! *&)$+88+67*/-! -6! $+! /-,7$7&*'+6*7&! 0-! $+! i7&-! ,*,+6/*,*-$$-! M>DBN#! I-'! ,-$$($-'!
'7(,A-'! 85'-&,AE8+6-('-'! A(8+*&-'!*&,7/<7/5-'! 0+&'!(&-! 8+6/*,-! 0-!
,7$$+=U&-!!=/-))5-! '(/!$-! ,7-(/! 0-! /+6! M]>N! 7(! 0-! <7/,! M>DRN\! +*&'*! 1(-! 0-'! =/-))-'! 0-!
</7=5&*6-(/'! -&076A5$*+(C!A(8+*&'!,A-i! $+! '7(/*'! &(0-! M>DDN! 7&6! ,7&)*/85! ,-'!
85,+&*'8-'!<+/+,/*&-'#!@7(6-)7*'!&7'!-C<5/*-&,-'!!"#$!$%!&%7&6!<+'!<-/8*'!0-!/-6/7(J-/!
(&-!-C</-''*7&!+,,/(-!0-!,-/6+*&'!0-'!)+,6-(/'!$-'!<$('!'7(J-&6!*8<$*1(5'!McYa\!P;YaN\!
















+(!8(',$-! '1(-$-66*1(-! <+/,-! 1(-! '7&! </5$UJ-8-&6! -'6!87*&'! *&J+'*)#! I-! &78F/-('-'!
56(0-'! '-! '7&6! /5,-88-&6! ,7&,-&6/5-'! '(/! $-'! ,-$$($-'! 85'-&,AE8+6-('-'! 0(! 6*''(!
+0*<-(C\! <$('! <+/6*,($*U/-8-&6! '(/! $+! )/+,6*7&! '6/78+$-! J+',($+*/-! 7(! KPa! -&! J(-!
0%+<<$*,+6*7&'! ,$*&*1(-'! 0+&'! $-! 6/+*6-8-&6! 0-! <+6A7$7=*-'! ,+/0*+1(-'! 7(! J+',($+*/-'!
M>DVN#! .-'! ,-$$($-'! 7&6! )+*6! $+! </-(J-! 0-! $-(/'! -))-6'! F5&5)*1(-'! 0+&'! 0-'! 870U$-'!
0%*&)+/,6('! ,A-i! $-! <-6*6! MDV\>D?\>DGN! -6! $-! =/7'! +&*8+$! MDDN#! ;$$-'! 7&6! 0-'! -))-6'!
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+&=*7=5&*1(-'! F*-&! 07,(8-&65'! M>DON! -6! <+/6+=-&6! +J-,! $-(/'! A787$7=(-'! 0%7/*=*&-!
850($$+*/-! 0-'! </7</*565'! *88(&7T870($+6/*,-'! /+<<7/65-'! !"# $!&'%! M*&A*F*6*7&! 0-! $+!
</7$*)5/+6*7&!0-'! $E8<A7,E6-'!@N!-6! !"#$!$%! M>D]N#!.788-!<7(/! $%56(0-!</5,50-&6-\! $-'!
</7</*-65'! *88(&7T870($+6/*,-'! &-! '7&6! <+'! 56(0*5-'! <(*'1(-! ,-/6+*&-'! ,-$$($-'!
=/-))5-'!'7&6!8+/1(5-'!Z! $+!YaS\!,-!1(*!-C*=-!(&!6/+*6-8-&6! *88(&7'(<</-''-(/!1(*!+!
565!+<<$*1(5!0+&'!67('!$-'!=/7(<-'#!
4-!F*$+&!0-! $%(6*$*'+6*7&!0-'!8E7F$+'6-'!&7('!+! ,7&0(*6'!Z!5J+$(-/! $-'!-))-6'!&/3*
(/..'./3* 3%'(5/3*4,3/"(5N4-#/'3/3* -'#%.%>'/3* &J%$)>)"/* -&)?/'3/* &,.)@$,/3* -'*
(r'$*)3(5,4)K'/*3%'3*I%$4/*&/*I/')../*&JE;W=#!.788-!$%+8!"#$%&'#$()*+)"&),$(-'#$()





*&X-,6*7&'! *&6/+T8E7,+/0*1(-'\! $-'! )-(*$$-'! <-/8-66-&6! (&-! 8-*$$-(/-! /56-&6*7&! 0-'!
,-$$($-'! 1(*! -'6! +''7,*5-! Z! (&-! +85$*7/+6*7&! 0-! $+! </5'-/J+6*7&! )7&,6*7&&-$$-#!Qt8-! '*!
$%7&!&-!<-(6!676+$-8-&6!-C,$(/-!$-!/p$-!0(!A+'+/0\!*$!'-!6/7(J-!1(-!$-!=/7(<-!6/+*65!<+/!$-'!
)-(*$$-'!+!+(''*!</5'-&65!(&-!'(/J*-!'(<5/*-(/-\!<+/+8U6/-!/+/-8-&6!</*'!-&!,78<6-!0+&'!
$+! <$(<+/6! 0-'! 56(0-'! -C<5/*8-&6+$-'! 0-! 6A5/+<*-! ,-$$($+*/-#! "&05<-&0-88-&6! 0%(&-!
</50*'<7'*6*7&! Z! $%+<7<67'-! $*5-! Z! $+! 0*''7,*+6*7&! -&iE8+6*1(-! 0-'! ,-$$($-'\! $%(&-! 0-'!
$*8*6-'! *8<7/6+&6-'! 0-'! *&X-,6*7&'! *&6/+T8E7,+/0*1(-'! -'6! $%*&0(,6*7&! 0%(&-! /5<7&'-!
*&)$+88+67*/-! -6! $+! ,/5+6*7&! 0-! 8($6*<$-'! )7E-/'! *&6/+T<+/-&,AE8+6-(C! 1(*! <-(J-&6!
)+J7/*'-/! $-'! /5T-&6/5-'! M>V?N#! ;&! ,7&'51(-&,-\! ,-'! *&X-,6*7&'! +(=8-&6-&6! $+!
J($&5/+F*$*65! 0(!8E7,+/0-! Z! $%+/E6A8*-\! ,7&6/+*/-8-&6! +(C! *&X-,6*7&'! *&6/+T,7/7&+*/-'!
M>RBN#! K7&=! +&# /1! 7&6! +*&'*! 5J71(5! $%*8<+,6! 0-'! *&X-,6*7&'! *&6/+T8E7,+/0*1(-'! '(/! $-!
/*'1(-!0-!87/6!'(F*6-!MR>\GrN!0+&'!$-(/!870U$-!0%7,,$('*7&T/-<-/)('*7&!0%*&)+/,6('!0(!
8E7,+/0-!M>V>N#!e76/-!56(0-!&-!'%-'6!<+'!)7,+$*'5-!'(/!$-'!-))-6'!5$-,6/7T<AE'*7$7=*1(-'!












*8<7/6+&6-! 0-! $%-))*,+,*65! 0-! $+! 6-,A&*1(-!H! -$$-! <-/8-6! -&! -))-6! $-! 6/+&')-/6! 0%(&! <$('!
=/+&0! &78F/-! 0-! ,-$$($-'! -6! $-! <+''+=-! 0%(&-! '(/)+,-! F*T0*8-&'*7&&-$$-! M(&-! '-($-!
)-(*$$-N!Z!(&!-&J*/7&&-8-&6!6/*T0*8-&'*7&&-$\!<$('!</7,A-!0-!$+!^!&*,A-!_!<AE'*7$7=*1(-!
-6! 07&,! 8*-(C! '(',-<6*F$-! 0-! )+J7/*'-/! $+! '(/J*-! -6! $+! ,/7*''+&,-! 0-'! ,-$$($-'#! "$! -'6!
&5+&87*&'! *8<7/6+&6! 0%5J*6-/! $%-8<*$-8-&6! 0%(&! 6/7<! =/+&0! &78F/-! 0-! )-(*$$-'! ,+/!
$%5<+*''-(/! 0(! F*78+65/*+(! <-(6! +$7/'! ,7&0(*/-! Z! $%+&7C*-! 0-'! ,-$$($-'! $-'! <$('!
^!'(<-/)*,*-$$-'!_\!,%-'6TZT0*/-!'-!6/7(J+&6!+(T0-$Z!0-!$+!$*8*6-!0-!0*))('*7&!0-!$%7CE=U&-!-6!




$+! )7&,6*7&! ,+/0*+1(-! +''7,*5-! Z! (&-!8-*$$-(/-! /56-&6*7&! ,-$$($+*/-! M5J+$(5-! <+/! '-8*T
1(+&6*)*,+6*7&! 0-'! ,-$$($-'! =/-))5-'N! 0+&'! $-! =/7(<-! )-(*$$-'! 0%3IK.! <+/! /+<<7/6! +(!
=/7(<-! 0-'! *&X-,6*7&'! 0-! ,-$$($-'#! I-'! /5'($6+6'! '*8*$+*/-'! 7&6! 565! /-6/7(J5'! 0+&'! (&!
870U$-! 0-! ,+/0*78E7<+6A*-! 0*$+65-! ,A-i! $-! A+8'6-/! M>B>N! -6! (&! 870U$-! 0%*&)+/,6('!
,A/7&*1(-! 0(!8E7,+/0-! ,A-i! $-! /+6! M>RDN#! .-66-!8-*$$-(/-! /56-&6*7&! 7F'-/J5-! 0+&'! $-!
=/7(<-! 0-'! )-(*$$-'! 0-! ,-$$($-'! -'6! </7F+F$-8-&6! 0u-! +(C! 0*))5/-&6-'! *&6-/,7&&-C*7&'!
-&6/-! $-'! ,-$$($-'#! .-66-! ,7A5'*7&! -'6! +''(/5-! <+/! $+! 8+6/*,-! -C6/+T,-$$($+*/-! '5,/565-!
<-&0+&6!$+!<A+'-!0-!,($6(/-!M>VDN!-6!07&6!6587*=&-\!&76+88-&6\!$%-C</-''*7&!0-'!=U&-'!
,70+&6! <7(/! 0-'! </765*&-'! *8<$*1(5-'! 0+&'! $+! )7/8+6*7&! 0-! ,-66-! 8+6/*,-! M;8*$*&>\!
"&6-=/*&-T+B!-6!@*8<>N\!-C</-''*7&!<$('!*8<7/6+&6-!0+&'!$-!=/7(<-!)-(*$$-'!0%3IK.!1(-!
0+&'!$-!,+'!0-'!,-$$($-'!0%3IK.!-&!'('<-&'*7&!M6+&6!+(C!&*J-+(C!=U&*1(-!1(-!</765*1(-N#!
3$7/'! 1(-! $-'! </765*&-'! ;8*$*&>! -6! "&6-=/*&-T+B! '7&6! *8<$*1(5-'! 0+&'! $%*&6-/+,6*7&!
*&6-/,-$$($+*/-! -6! $%*&6-/+,6*7&! +J-,! $+! 8+6/*,-! -C6/+,-$$($+*/-! M>VGw>V2N\! $+! </765*&-!
@*8<>! *&6-/J*-&6! 0+&'! $%*&65=/*65! 0-! $+! 8+6/*,-! -C6/+,-$$($+*/-! -6! 0+&'! $-! ,7&6/p$-! 0(!
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/-870-$+=-! J+',($+*/-! M>G?\>G>N#! .-66-! 0-/&*U/-! X7(-! 5=+$-8-&6! (&! /p$-! +&6*T
+<7<676*1(-#!`&-!+(6/-!</765*&-\! $%3z6!<A7'<A7/E$5-\!,7&&(-!<7(/!t6/-! *8<$*1(5-!0+&'!
$-'!J7*-'!0-!'*=&+$*'+6*7&!0-!$+!'(/J*-!,-$$($+*/-!M>GBN!-'6!5=+$-8-&6!'(/-C</*85-!!MC!B\VN!
0+&'! $-'! )-(*$$-'! 0%3IK.! <+/! /+<<7/6! +(C! ,-$$($-'! -&! '('<-&'*7&#! 4-'! )+,6-(/'! '5,/565'!
05<-&0-&6! &+6(/-$$-8-&6! 0(! 6E<-! 0-! ,-$$($-'! -&'-8-&,5-'!n! +*&'*\! $+! =/-))-! 0-! )-(*$$-'!
,7&'6*6(5-'!<+/!0-'!</7=5&*6-(/'!,+/0*+1(-'!K,+T>[!+85$*7/-!$+!)7&,6*7&!,+/0*+1(-\!0+&'!
(&! 870U$-! 0%*&)+/,6('! ,A-i! $+! '7(/*'\! &76+88-&6! <+/! $-! F*+*'! 0%(&-! </70(,6*7&! 0-! $+!
)7/8-! '7$(F$-! 0-! 0(! MP+',($+/! .-$$! ;&076A-$*+$! 30A-'*7&! 87$-,($-NT>! MP.3QT>N! 1(*!
*&6-/J*-&6! 0+&'! $+! 8*=/+6*7&! *&6/+T8E7,+/0*1(-! 0-'! ,-$$($-'! -6! $+! </5J-&6*7&! 0-! $-(/!
87/6! <+/! '6/-''! 7CE0+6*)! -&! +,6*J+&6! 0*J-/'-'! J7*-'! 0-! '*=&+$*'+6*7&! M3z6\! <R]TQ3S\!
;dN!M>GRN#!




J-&6/*,($+*/-! -6! 0-'! -))-6'! <+/+,/*&-'! $*5'! Z! $+! 6/+&'<$+&6+6*7&! 0-'! ,-$$($-'! 0%3IK.#! ;&!
-))-6\!$-'!3IK.!&-!'-!6/+&')7/8-&6!<+'!-&!,+/0*78E7,E6-'!-6!$-!F5&5)*,-!7F'-/J5!&-!<-(6!
07&,!t6/-!+66/*F(5!Z!$+!=5&5/+6*7&!0%(&!&57T8E7,+/0-#!.-'!/5'($+6'!'7&6!,7A5/-&6'!+J-,!
$-! /p$-! /5<+/+6-(/! 0-'! .KQ! 07,(8-&65! 0+&'! 0-'! '*6(+6*7&'! J+/*5-'! 1(*! J7&6! 0-! $+!
/5<+/+6*7&! 0-'! <-/6-'! ,+/6*$+=*&-('-'! -6! 7''-('-'! +(! 6/+*6-8-&6! 0-'! 8+$+0*-'!
,+/0*7J+',($+*/-'!M>GDN#!!!
e7'!/5'($6+6'!!"#$!$%!7&6!+(''*!87&6/5!1(-!,-/6+*&-'!,-$$($-'!3IK.!*8<$+&65-'!7&6!
+,1(*'! (&! <A5&76E<-! -&076A5$*+$#! .-,*! -'6! ,7A5/-&6! +J-,! 0-! &78F/-('-'! 56(0-'! +E+&6!
+<<7/65! $+! </-(J-! 1(-! $-! 6*''(! +0*<-(C! ,7&6*-&6! (&-! <7<($+6*7&! 0-! ,-$$($-'! '7(,A-'!
+0($6-'!85'-&,AE8+6-('-'! -6! 0-!</5,(/'-(/'! -&076A5$*+(C!<7(J+&6! '-! 0*))5/-&,*-/! -&!
<$('*-(/'! $*=&+=-'! ,788-! $-'! ,-$$($-'! 8(',($+*/-'! $*''-'! -6! $-'! ,-$$($-'! -&076A5$*+$-'!







*&6/+T8E7,+/0*1(-'! -&! 6-/8-'! 0-! '(/J*-\! /56-&6*7&! ,-$$($+*/-! -6! +85$*7/+6*7&! 0-! $+!
)7&,6*7&!J-&6/*,($+*/-!=+(,A-#!!*
.-<-&0+&6\!8+$=/5! $-'! +J+&6+=-'!</5,50-88-&6!05,/*6'!0-'! )-(*$$-'!0-! ,-$$($-'\!
&7('! +J7&'! 565! ,7&)/7&65'! Z! (&! </7F$U8-! 6-,A&*1(-! 1(*! &7('! +! ,7&0(*6'\! 67(6! -&!
,7&'-/J+&6!$-!,7&,-<6!0%(&!05<p6!'(/!$%5<*,+/0-\!Z!,A-/,A-/!(&-!870+$*65!+$6-/&+6*J-!0-!
6/+&')-/6#!;&!-))-6\!$-'!)-(*$$-'!0-!,-$$($-'!'7&6!)/+=*$-'\!<-(J-&6!'-!/-<$*-/!7(!'-!05,A*/-/!
$7/'! 0-'!8+&*<($+6*7&'! -6! Z! ,-! 6*6/-! '-! </t6-&6! 0*))*,*$-8-&6! Z! (&-! (6*$*'+6*7&! ,$*&*1(-!
+*'5-#! 4+! ,($6(/-! 0-'! ,-$$($-'! '(/! 0-'! 8+6/*,-'! F*705=/+0+F$-'! M,788-! $+! 8+6/*,-! 0-!
,7$$+=U&-N!/-</5'-&6-!07&,!(&-!+$6-/&+6*J-!*&65/-''+&6-!<7(/!/5=$-/!,-!</7F$U8-#!!
S+/!+*$$-(/'\!$%(6*$*'+6*7&!0-'!.KQ!-&!850-,*&-!/5=5&5/+6/*,-\!/-'6-!-&,7/-!$*8*65-!
8+$=/5!0-'! /5'($6+6'! !"#$!$%! -&,7(/+=-+&6'#! ;&! -))-6\! $-'! ,+<+,*65'!0-! /5=5&5/+6*7&!0-'!
.KQ!0*8*&(-&6!+J-,!$%m=-!0(!07&&-(/#!4%+8<$*)*,+6*7&!0-'!.KQ! !"#$!&'%!<-(6!5=+$-8-&6!
-&6/+y&-/!Z!$7&=!6-/8-!$%+<<+/*6*7&!0-!870*)*,+6*7&'!+$65/+&6!$-(/!<A5&76E<-#!I-!<$('\!$-'!
07&&5-'! ,7&,-/&+&6! $-'! </7</*565'! *88(&870($+6/*,-'! 0-'! .KQ! +</U'! 0*))5/-&,*+6*7&!
'7&6! ,7&6/+0*,67*/-'! -6! 0-J/7&6! t6/-! ,$+/*)*5-'! +J+&6! $-(/! <7''*F$-! (6*$*'+6*7&! ,$*&*1(-!
M>GON#!!
4%(6*$*'+6*7&! 0-! ,-$$($-'! '7(,A-'! -8F/E7&&+*/-'! -'6! (&-! +$6-/&+6*J-! <76-&6*-$$-!
<7(/! +''(/-/!(&-! /5=5&5/+6*7&!0(!8E7,+/0-!=/m,-! Z! $-(/! ,+<+,*65! Z! '-!0*))5/-&,*-/! -&!!




Qt8-!'*! $-'!0-(C!</-8*U/-'!56(0-'!(6*$*'+&6! $-'!8E7F$+'6-'!'1(-$-66*1(-'!-6! $-'!
,-$$($-'! 85'-&,AE8+6-('-'! '-! '7&6! /5J5$5-'! <7'*6*J-'! '(/! $-! ,/*6U/-! </*&,*<+$! 0-!
X(=-8-&6! MA+F*6(-$$-8-&6! $+! )/+,6*7&! 0%5X-,6*7&! 0(! J-&6/*,($-! =+(,A-N\! ,-'! F5&5)*,-'!
/-'6-&6!8+/=*&+(C!-6!$+!/5=5&5/+6*7&!0(!8E7,+/0-!<+/!6A5/+<*-!,-$$($+*/-!/-'6-!-&,7/-!Z!
+,,78<$*/#! K(/! $+! F+'-! 0-'! 07&&5-'! 0-! $+! $*665/+6(/-! -6! 0-! ,-$$-'! 6*/5-'! 0-!&7'! 6/+J+(C!
-C<5/*8-&6+(C\! *$! +<<+/+y6! 1(-! $+! ,7&0*6*7&! </*&,*<+$-! <7(/! +''(/-/! ,-6! 7FX-,6*)! 0-!





,+0/-! '7*-&6! ,-$$-'! 1(*! 7&6! $+! ,+<+,*65! 0-! </70(*/-! 0-'! )+,6-(/'! 0-! ,/7*''+&,-!




4-)3* /"(%$/* (-?-C./3*&/*4)#%3/3* (%"&')3-"#* V* ./'$*&)II,$/"()-#)%"* #/$4)"-./* /"*
(-$&)%4N%(N#/3*/#*&%"(*3'3(/?#)C./3*&/*?-$#)()?/$*V*.-*$,>,",$-#)%"*&'*4N%(-$&/0*
.-66-*AE<76AU'-!-'6!,7&)7/65-!<+/!0-'!07&&5-'!-C<5/*8-&6+$-'!,7&J-/=-&6-'!M>G]\>O?w
>]DN! 8t8-! '*! ,-/6+*&'! *&J-'6*=+6-(/'! </*J*$5=*-&6! $+! 8*'-! -&! X-(! </5)5/-&6*-$$-! 0-!
85,+&*'8-'!<+/+,/*&-'!<$(6p6!1(%(&!/-8<$+,-8-&6!0-!$+!8+''-!,-$$($+*/-!&5,/7'5-!<+/!
0-'!,+/0*78E7,E6-'!05/*J5'!0-'!,-$$($-'!=/-))5-'!M>]V\>]GN#!
S7(/! 6-&6-/! 0-! $*8*6-/! $%*',A58*-! *&A5/-&6-! Z! $%AE<7J+',($+/*'+6*7&! 0-'! i7&-'!






^!'(<<7/6!_!07(5-'!0-!</7</*565'! 6/7<A*1(-'\! -6!&76+88-&6!+&=*7=5&*1(-'! M>]Ow>2>N#!
4%*&65/t6! 0-'! <+6,A'! ,7T-&'-8-&,5'! <+/! 0-(C! <7<($+6*7&'! ,-$$($+*/-'! 0*))5/-&6-'! -6!
<76-&6*-$$-8-&6!'E&-/=*1(-'!+!05XZ!565!56+F$*!M>2Bw>2DN#!3!&76/-!,7&&+*''+&,-\!,%-'6! $+!
</-8*U/-! )7*'! 1(%+! 565! 6-'65-! '(/! (&! <+6,A\! $%+''7,*+6*7&! 0-! ,-$$($-'! ,+/0*+1(-'!
</7=5&*6/*,-'!05/*J5-'!0-!.K;!A(8+*&-'!+J-,!0-'!.KQ!0%7/*=*&-!+0*<-('-!0-!/+6#!!
P(-!$+!8+&*+F*$*65!/-'6/-*&6-!0-'!)-(*$$-'!0-!,-$$($-'\!&7('!+J7&'!,A7*'*!0%(6*$*'-/!
(&! <+6,A! 87*&'! 5<+*'! 1(-! $-! Y;4aW3Qg! ,7&'6*6(5! 0-! =5$+6*&-! F*705=/+0+F$-!
MY;4a"4Qb!N#! .-! <+6,A! -&'-8-&,5! +J-,! $-'! 0-(C! <7<($+6*7&'! ,-$$($+*/-'! </5'-&6-! (&-!
'(/)+,-!85,+&*1(-!'6+F$-!-6!7))/-!(&!8-*$$-(/!'7(6*-&!'6/(,6(/+$!+(!878-&6!0-'!=/-))-'#!!
e7'!/5'($6+6'! ,7&,-/&+&6! $%5J+$(+6*7&!0-! $+! )7&,6*7&!,7&6/+,6*$-!-6!87&6/+&6!0-'!
0-'! )/+,6*7&'! 0%5X-,6*7&! -6! 0-! /+,,7(/,*''-8-&6! '*=&*)*,+6*J-8-&6! '(<5/*-(/-'! 0+&'! $-!
=/7(<-!/-,-J+&6!$-!<+6,A!,78<7'*6-!<+/!/+<<7/6!+(!=/7(<-!,7&6/p$-!+</U'!>!-6!B!87*'!0-!




0-! </7=5&*6-(/'! ,+/0*+1(-'! 0-! </*8+6-'! =/-))5-'! 0+&'! (&! 870U$-! 0%*&)+/,6('! 0(!
8E7,+/0-! ,A-i! $-! '*&=-! dA5'('#! e7'! /5'($6+6'! /-,7(<-&6! +(''*! ,-(C! 0-! 6/+J+(C!
</5,50-&6'! 87&6/+&6! 1(%(&-! 8+6/*,-! 0-! ,7$$+=U&-\! +J-,! 7(! '+&'! ,-$$($-'\! <-(6! t6/-!
=/-))5-!+J-,!'(,,U'!'(/!$-!,k(/!*&)+/,*!M]VN#!
@7(6-)7*'\!<+/!,78<+/+*'7&!+J-,!$-'!56(0-'!+&65/*-(/-'\!$+!&p6/-!+!$+!<+/6*,($+/*65!
0%+J7*/!56(0*5! $+! )7&,6*7&!0(!,k(/!&'$-"#* '"/* ?,$)%&/* &/* e*4%)30*Qt8-!'*! $-! )+*F$-!
&78F/-! 0%+&*8+(C! -&,7/-! 0*'<7&*F$-'! Z! $+! )*&! 0-! $+! <5/*70-! 0-! '(*J*! *&,*6-! Z! 0-'!
,7&,$('*7&'!</(0-&6-'\!$-'!/5'($6+6'!)7&6!+''-i!&-66-8-&6!+<<+/+y6/-!1(-!$%+85$*7/+6*7&!




Z! (&-! $*8*6+6*7&!0-! $+! i7&-!0-! )*F/7'-#! .-'! 7F'-/J+6*7&'! '7&6! -&! +,,7/0! +J-,! ,-$$-'! 0-!
K6-J-&'! -6! +$! M>2BN! 1(*! 7&6! 87&6/5! $%*8<7/6+&,-! 0-! $+! ,7T,($6(/-! 0-'! .K;A! +J-,! 0-'!
,-$$($-'! Z! <76-&6*+$*65'! '6/78+$-! -6! +&=*7=5&*1(-#! 47/'! 0-! $+! ,78F*&+*'7&! 0-! ,-'! 0-(C!
<7<($+6*7&'! ,-$$($+*/-'\!(&-!J+',($+/*'+6*7&!+!<(! '-!0-J-$7<<-/!0+&'! $-!<+6,A!+J-,!0-'!
,7&&-C*7&'!-&6/-!,-'!J+*''-+(C!-6!,-(C!!0(!,k(/!M>2B\>2GN#!!.-66-!+&=*7=5&U'-!'-/+*6!-&!
)+*6! $%(&! 0-'! 85,+&*'8-'! 8+X-(/'! 0-! $%+85$*7/+6*7&! )7&,6*7&&-$$-! *&0(*6-! <+/! $-'!
,+/0*78E7,E6-'!05/*J5'!0-'!.K;!8+*'!+(''*!<+/!$-'!.KQ!+0*<-('-'!M>]VN#!!
4%(&!0-'!</7F$U8-'!<7'5'!<+/!,-'!<+6,A'!5<*,+/0*1(-'!-'6!$+!,+<+,*65!0-'!,-$$($-'!
=/-))5-'! Z! 8*=/-/! Z! $%*&65/*-(/! 0(! 8E7,+/0-! <7(/! '%E! ,7&&-,6-/! +J-,! M>GRN! $-'!
,+/0*78E7,E6-'! Ap6-'! '7('TX+,-&6'! M>2ON\! </5T/-1(*'! Z! (&-! ,7&6/*F(6*7&! 0*/-,6-! 0-'!
</7=5&*6-(/'! ,+/0*+1(-'! 6/+&'<$+&65'! Z! $%+,6*J*65! ,7&6/+,6*$-! 0(! ,k(/#!.-'! 07&&5-'!
/-'6-&6! '(F7/07&&5-'! Z! (&-! (6*$*'+6*7&! +051(+6-! 0-'! ,-$$($-'! Z! <76-&6*+$*5! ,7&6/+,6*$-#!
@7(6-)7*'\!$7/'!0-!&7'!-C<5/*-&,-'!!"#$!$%\!&7('!&%+J7&'!<+'!/5(''*!Z!056-,6-/!$-'!,-$$($-'!
A(8+*&-'!=/-))5-'!&*!Z! $%*&65/*-(/!&*!8t8-!Z!$+!'(/)+,-!0(!,k(/\! $Z!7q!-$$-'!+J+*-&6!565!
05<7'5-'#! "$! E! +! +(! 87*&'! 6/7*'! -C<$*,+6*7&'! <7''*F$-'! Z! ,-66-! +F'-&,-! 0-! ,-$$($-'#! 4+!
</-8*U/-! -'6! (&-! *&6-/+,6*7&! 05$56U/-! -&6/-! $-'! 0-(C! <7<($+6*7&'! ,-$$($+*/-'!
-&'-8-&,5-'!'(/! $-!<+6,A#!I+&'! $-'!,7&0*6*7&'!A+F*6(-$$-'\! $-'!</7=5&*6-(/'!,+/0*+1(-'!
05/*J5'! 0-'! .K;! </7$*)U/-&6! -6! )7/8-&6! 0-'! ,7$7&*-'! $7/'1(%*$'! '7&6! ,($6*J5'! '(/! 0-'!
)*F/7F$+'6-'! *//+0*5'#! I+&'! &76/-! 6/+J+*$\! ,-<-&0+&6\! *$'! 7&6! 565! ,($6*J5'! '(/! 0-'! 3IK.!





'-! )+*/-! +(! 056/*8-&6! 0-'! </7=5&*6-(/'! -6! 7F5/-/! $-(/! '(/J*-#! S+/! +*$$-(/'\! &7'!
7F'-/J+6*7&'!8*,/7',7<*1(-'!0-!<+6,A'!,7T,($6*J5'!!"#$!&'%!7&6!87&6/5!(&-!,7&0-&'+6*7&!





0-! ,-$$($-'! <+/! /+<<7/6! +(! ,A*))/-! *&*6*+$\! ,-! 1(*! <7(//+*6! +,,/50*6-/! ,-! <A5&78U&-!









&7('! +J7&'! /-&7&,5! Z! 0-'! *&X-,6*7&'! 1(76*0*-&&-'! 0-! ,*,$7'<7/*&-! +(! </7)*6! 0-!8*,/7T
<78<-'! 7'876*1(-'! '7('T,(6+&5-'! ,-&'5-'! 05$*J/-/! $+! 0/7=(-! 0-! )+j7&! ,7&6/p$5-! -6!
,7&6*&(-#!;&! )+*6\! $-'!,7&6/p$-'!+$5+67*/-'!0-'! 6+(C!'5/*1(-'!0-!,*,$7'<7/*&-!7&6!87&6/5!
0-'!J+$-(/'!-C6/t8-8-&6!J+/*+F$-'\!,-!1(*! X-66-!(&!07(6-!'5/*-(C!'(/! $+! )*+F*$*65!0-!,-'!
0*'<7'*6*)'#! K*! $+! 0*'<+/*6*7&! 0-'! </7=5&*6-(/'! C5&7=5&*1(-'! -'6! 0(-! +(! /-X-6\! -$$-!









O"* (%"(.'3)%"_* $+! ,78F*&+*'7&! 0-! ,-$$($-'! Z! <76-&6*-$! ,+/0*78E7=5&*1(-! -6! 0-!
,-$$($-'! Z! <76-&6*-$! 6/7<A*1(-! ,($6*J5-'! '(/! (&! <+6,A! -&! =5$+6*&-! +! <-/8*'! (&-!
+85$*7/+6*7&!0-!$+!)7&,6*7&!,7&6+,6*$-!+''7,*5-!Z!(&-!0*8*&(6*7&!0-!6+*$$-!0-!$+!,*,+6/*,-!
)*F/-('-! -6! (&-! +(=8-&6+6*7&! 0-! $+! &57T+&=*7=5&U'-#! .-'! F5&5)*,-'! '-8F$-&6! t6/-! $*5'!
'(/67(6! +(C! -))-6'! <+/+,/*&-'! 0-'! ,-$$($-'! '6/78+$-'! M>GGN! 8t8-! '*! $%7&! &-! <-(6!
)7/8-$$-8-&6!-C,$(/-!1(-!0-'!)+,6-(/'!'5,/565'!<+/!,-'!,-$$($-'\!7(!<+/!$-'!</7=5&*6-(/'!
Z! (&! '6+0-! 6/U'! </5,7,-! +</U'! $+! =/-))-! M,%-'6TZT0*/-! +J+&6! 1(%*$'! &-! 0*'<+/+*''-&6! -6!





0+&'! $-! /5'($6+6! )*&+$\! *$! '-8F$-! $7=*1(-! 0-! <7(/'(*J/-! 0+&'! ,-66-! 0*/-,6*7&! 0%(&-! ,7T
6/+&'<$+&6+6*7&!0-!,-$$($-'!Z!<76-&6*-$!,7&6/+,6*$-\!+(!'-*&!0-'1(-$$-'!$-'!.K;!'-8F$-&6!Z!
,-! X7(/! $-'! <$('! -))*,+,-'\! -6! 0-! ,-$$($-'! )7(/&*''+&6! (&! '(<<7/6!6/7<A*1(-#! "$! /-'6-! Z!
05)*&*/! $-! <A5&76E<-! 7<6*8+$! 0-! ,-'! ,-$$($-'! &7(//*,*U/-'\! $-'! 0-&'*65'! /-'<-,6*J-'!
0%-&'-8-&,-8-&6! $-'! <$('! -))*,+,-'! -6! $+! &+6(/-! 0(! F*78+65/*+(#! .-! 0-/&*-/! <7*&6! -'6!
,/*6*1(-!,+/! $-'!</7,-''('!,-$$($+*/-'! M'(/J*-\!</7$*)5/+6*7&\!0*))5/-&,*+6*7&N!&-!'7&6!<+'!

































4-'!8+$+0*-'! ,+/0*7J+',($+*/-'! /-</5'-&6-&6! $+! </-8*U/-! ,+('-! 0-!87/6+$*65! +(!
87&0-\! +(''*! F*-&!<7(/! $-'!A788-'!1(-!<7(/! $-'! )-88-'#! 4-'! 6A5/+<*-'! +,6(-$$-'! 7&6!
(&-!-))*,+,*65!$*8*65-!0(-\!-&!<+/6*-\!Z!$%*&,+<+,*65!*&6/*&'U1(-!0(!,k(/!Z!'-!/5=5&5/-/\!-6!
-&!($6*8-!/-,7(/'\!Z!$+!<5&(/*-!0(!07&!0%7/=+&-'#!4+!<7''*F*$*65!0-!/5=5&5/-/!$-!,k(/!<+/!
$%+<<7/6! 0-! &7(J-$$-'! ,-$$($-'! /-</5'-&6-! 07&,! (&-! '6/+65=*-! *&65/-''+&6-\! Z! $%56(0-!
0-<(*'! <$('! 0%(&-! 0*i+*&-! 0%+&&5-'#! 4+! 6/+&'<$+&6+6*7&! ,-$$($+*/-! '7($UJ-! -&,7/-!
<$('*-(/'!1(-'6*7&'!6-$$-'!1(-!$-!,A7*C!0(!6E<-!,-$$($+*/-\!$-!870-!!0%+08*&*'6/+6*7&!0-'!
,-$$($-'\! -6! $%7<6*8*'+6*7&! 0-! $+! '(/J*-! 0(! =/-))7&! ,-$$($+*/-#! 4-'! $*8*6-'! 0-'! *&X-,6*7&'!
*&6/+T8E7,+/0*1(-'!&7('!7&6!0%+F7/0!,7&0(*6'\! $7/'!0-!,-!6/+J+*$!0-!6AU'-\!Z!'(F'6*6(-/!
+(C! *&X-,6*7&'! Z! $%+*=(*$$-! $+! ,7(J-/6(/-! 5<*,+/0*1(-! 0-! $+! i7&-! *&)+/,*-! <+/! (&!
F*78+65/*+(!,-$$($+/*'5#!e7('!+J7&'!05J-$7<<5!0-(C!'6/+65=*-'!0%*&=5&*-/*-!6*''($+*/-!1(*!
7&6! )+*6! $+!</-(J-!0-! $-(/!-))*,+,*65\! $%(6*$*'+6*7&!0%(&!<+6,A!56+&6! )*&+$-8-&6!</5)5/5-!Z!
,-$$-!0-! )-(*$$-'!0-! ,-$$($-'! M'+&'!8+65/*+(!56/+&=-/N\! </*&,*<+$-8-&6!<7(/!0-'! /+*'7&'!
</+6*1(-'!0-!/5'*'6+&,-!<AE'*1(-!+(C!8+&*<($+6*7&'#!
4-'!0*))5/-&6-'!'7(/,-'!0-!,-$$($-'\!</*&,*<+$-8-&6! $-'!8E7F$+'6-'!'1(-$-66*1(-'!
-6! $-'! ,-$$($-'!85'-&,AE8+6-('-'\! (6*$*'5-'! *&*6*+$-8-&6! 7&6! -(! 0-'! -))-6'! )7&,6*7&&-$'!
F5&5)*1(-'! 8+*'! &%7&6! <+'! +66-*&6! $%7FX-,6*)! 0-! /5=5&5/+6*7&! 8E7,+/0*1(-#! 3*&'*! &7('!
+J7&'! *&6/70(*6! '-,7&0+*/-8-&6! 0+&'! ,-! F(6! 0-'! </7=5&*6-(/'! ,+/0*+1(-'! 05/*J5'! 0-!
,-$$($-'! '7(,A-'! -8F/E7&&+*/-'! A(8+*&-'! ,7T6/+&'<$+&65'! '(/! (&-! 8+6/*,-!
F*705=/+0+F$-! +J-,! 0-'! ,-$$($-'! 85'-&,AE8+6-('-'! 0%7/*=*&-! +0*<-('-! Z! <76-&6*-$!
6/7<A*1(-#! Q+$=/5! $-'! F5&5)*,-'! )7&,6*7&&-$'! -6! +&=*7=5&*1(-'! 0-! ,-66-! ,78F*&+*'7&!
&7('!+J7&'!5,A7(5!Z!056-,6-/!$-'!</7=5&*6-(/'!A(8+*&'!=/-))5'\!<-(6Tt6/-!Z!,+('-!0%(&-!
*88(&('(<</-''*7&! *&'())*'+&6-#! S+/+$$U$-8-&6! Z! $+! 8*'-! +(! <7*&6! 0-! &7(J-$$-'!
6-,A&*1(-'!0-!</5J-&6*7&!0(! /-X-6\!&76+88-&6! )7&05-'! '(/! $%*&0(,6*7&!0-! 67$5/+&,-\! $+!
,($6(/-! ,78<7'*6-! 07*6! 07&,! t6/-! +85$*7/5-! +)*&! 0%7<6*8*'-/! $+! 6/+&'0*))5/-&,*+6*7&! !"#
$!$%! 0-'! ,-$$($-'! =/-))5-'! -&! ,-$$($-'! ,+/0*+1(-'! ,+<+F$-'! 0%56+F$*/! 0-'! ,7&&-C*7&'!
5$-,6/785,+&*1(-'! +J-,! ,-$$-'! 0(! /-,-J-(/! -6! 0%+,1(5/*/! (&-! 7/=+&*'+6*7&! '<+6*+$-!
'+6*')+*'+&6! Z! $%+&*'76/7<*'8-#! 4-! '(,,U'! 0-! ,-66-! +<</7,A-! &-! 05<-&0! '+&'! 07(6-! <+'!
'-($-8-&6!0(!<A5&76E<-!*&*6*+$!0-'!,-$$($-'!=/-))5-'!8+*'!+(''*!0-'!,7&0*6*7&'!<AE'*1(-'!






0%+(6/-'! 870U$-'! 0-! 8+$+0*-'! ,+/0*7J+',($+*/-'! 6-$'! 1(-! $+! ,+/0*78E7<+6A*-! 0*$+65-!





















































>#!! Q7(''+! ! 87(A+8+0#! 4%*&'())*'+&,-! ,+/0*+1(-! ,A/7&*1(-! 'E'67$*1(-#! .788-&6!
+85$*7/-/! $+! </*'-! -&! ,A+/=-! <+/! $-'!8-0-,*&'{! @AU'-! 0-! $9`&*J-/'*65! S+/*'! I-',+/6-'n!
B?>?#!!
!
B#!! .7o*-! Qd#! 3&&76+6-0! /-)-/-&,-'! *&! -<*0-8*7$7=E#! ;(/#! #! c-+/6! a+*$#! >222!
8+/'n>M>NH>?>wO#!!
!
R#!! c(&6! K3\! :+z-/! I\! .A*&!Qc\! .*&1(-=/+&*!QS\! a-$08+&! 3Q\! a/+&,*'! YK\! -6! +$#!
3..L3c3!=(*0-$*&-'!)7/!6A-!-J+$(+6*7&!+&0!8+&+=-8-&6!7)!,A/7&*,!A-+/6!)+*$(/-!*&!6A-!
+0($6H! -C-,(6*J-! '(88+/E#! 3! /-<7/6! 7)! 6A-! 38-/*,+&! .7$$-=-! 7)! .+/0*7$7=EL38-/*,+&!
c-+/6! 3''7,*+6*7&! @+'z! a7/,-! 7&! S/+,6*,-! Y(*0-$*&-'! M.788*66--! 67! /-J*'-! 6A-! >22V!
Y(*0-$*&-'! )7/! 6A-! ;J+$(+6*7&! +&0!Q+&+=-8-&6! 7)! c-+/6! a+*$(/-N#! #! 38#! .7$$#! .+/0*7$#!
B??>!05,nR]MONHB>?>w>R#!!
!
D#!! ~+&&+0!a\!:/*+&,7&!K\! (*$$*-/-!\!Q-/6-'!SQ\!P*$$-876!S\!3$$+!a\!-6!+$#! "&,*0-&,-\!
,$*&*,+$! +&0! -6*7$7=*,! )-+6(/-'\! +&0! 7(6,78-'! 7)! +0J+&,-0! ,A/7&*,! A-+/6! )+*$(/-H! 6A-!






G#!! I*,z'6-*&! \! .7A-&TK7$+$! 3\! a*$*<<+67'! Y\! Q,Q(//+E! P\! S7&*z7o'z*! S\! S77$-T
*$'7&!S3\! -6! +$#! ;K.!Y(*0-$*&-'! )7/! 6A-!0*+=&7'*'! +&0! 6/-+68-&6! 7)! +,(6-! +&0! ,A/7&*,!
A-+/6!)+*$(/-!B??]H!6A-!@+'z!a7/,-!)7/!6A-!I*+=&7'*'!+&0!@/-+68-&6!7)!3,(6-!+&0!.A/7&*,!
c-+/6! a+*$(/-! B??]! 7)! 6A-!;(/7<-+&! K7,*-6E! 7)! .+/0*7$7=E#!I-J-$7<-0! *&! ,7$$+F7/+6*7&!
o*6A! 6A-! c-+/6! a+*$(/-! 3''7,*+6*7&! 7)! 6A-! ;K.! Mca3N! +&0! -&07/'-0! FE! 6A-! ;(/7<-+&!
K7,*-6E!7)!"&6-&'*J-!.+/-!Q-0*,*&-!M;K".QN#!;(/#!c-+/6!#!B??]!7,6nB2M>2NHBR]]wDDB#!!
!
















)7,('-0!(<0+6-! *&,7/<7/+6-0! *&67! 6A-!3..L3c3!B??V!Y(*0-$*&-'! )7/! 6A-!I*+=&7'*'!+&0!
Q+&+=-8-&6!7)!c-+/6!a+*$(/-!*&!30($6'H!+!/-<7/6!7)!6A-!38-/*,+&!.7$$-=-!7)!.+/0*7$7=E!
a7(&0+6*7&L38-/*,+&!c-+/6!3''7,*+6*7&!@+'z!a7/,-!7&!S/+,6*,-!Y(*0-$*&-'H!0-J-$7<-0!













-8F/E7&*,! '6-8! ,-$$'! *8</7J-'! ,+/0*+,! )(&,6*7&! *&! <7'6*&)+/,6-0! /+6'#! #! 3<<$#! SAE'*7$#!
B??B!X+&Jn2BM>NHB]]w2G#!!
!
>V#!! +&=! \! Q*&! T\! d+&+! K\! -! h\! .+*! \! .A-&! \! -6! +$#! P;Ya! -&A+&,-'! )(&,6*7&+$!




K6+F$-! F-&-)*6! 7)! -8F/E7&*,! '6-8! ,-$$! 6A-/+<E! *&!8E7,+/0*+$! *&)+/,6*7&#!38#! #! SAE'*7$#!
c-+/6!.*/,#!SAE'*7$#!B??D!+7u6nB]OMBNHcDO>w2#!!
!
>O#!! K*&=$+! I\! c+,z-/! @3\! Q+! 4\! I7(=$+'! SK\! K($$*J+&! d\! 4E7&'! Y;\! -6! +$#!
@/+&'<$+&6+6*7&! 7)! -8F/E7&*,! '6-8! ,-$$'! *&67! 6A-! *&)+/,6-0!87('-! A-+/6H! )7/8+6*7&! 7)!
8($6*<$-!,-$$!6E<-'#!#!Q7$#!.-$$#!.+/0*7$#!B??G!X+&JnD?M>NH>2VwB??#!!
!
>]#!! 7)*0*'! @\! 0-! :/(*&! 4\! c7E6! Y\! 4-F$! Id\! @+&+z+!Q\! +8+&-! @\! -6! +$#! "&X-,6+F$-!
F*7+/6*)*,*+$! 8E7,+/0*+$! 6*''(-! )7/! $+/=-T',+$-! *&6/+8(/+$! ,-$$! 6/+&')-/! +&0! )(&,6*7&+$!
/-,7J-/E!7)!*&X(/-0!A-+/6!8(',$-#!#!@A7/+,#!.+/0*7J+',#!K(/=#!B??D!7,6n>B]MDNHVO>w]#!!
!
>2#!! Q5&+/0! .\! c+=U=-! 33\! 3=F($(6! W\! :+//7! Q\! Q7/*,A-66*! Q.\! :/+''-$-6! .\! -6! +$#!




('*&=! +! J+$*0+6-0! ',+$-! 7)! 6A-! /*'z! 7)! ,7&=-'6*J-! A-+/6! )+*$(/-! +87&=! AE<-/6-&'*J-!







BB#!! Q-&+',A5!S#!K6-8!,-$$! 6A-/+<E! )7/!,A/7&*,!A-+/6! )+*$(/-H! $-''7&'! )/78!+!>VTE-+/!
-C<-/*-&,-#!.#!d#!:*7$#!B?>>!X(*$$nRRDMONHD]2w2G#!!
!
BR#!! Q-&+',A5! S#! QE7F$+'6TF+'-0! ,-$$! 6/+&'<$+&6+6*7&#! c-+/6! a+*$! d-J#! B??R!
X(*$$n]MRNHBB>wO#!!
!
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\! :+/F+! \! -6! +$#!
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#!Q7$#! .-$$#!
.+/0*7$#!B?>>!)5J/nV?MBNHRBOwRB#!!
!
GB#!! +&+'A*/7T@+z-(,A*! dQ\! K,A($8+&! "c\! c+/-! Q#! SA+/8+,7$7=*,! +&0! =-&-6*,!
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#!@A7/+,#!.+/0*7J+',#!K(/=#!B?>?!05,n>D?MGNH>RODw]?#!!
!
]]#!! .A+&! :S\! c(*! @\! .A+&! W.Q\! K7! Ta\! 4(!\! .A-(&=! Q.\! -6! +$#! SA767,A-8*,+$!
,/7''T$*&z*&=! )7/! ,7$$+=-&TF+'-0! ',+))7$0'H! +! '6(0E! 7&! 7<6*,+$! </7<-/6*-'\! 8-,A+&*,+$!
</7<-/6*-'\!'6+F*$*6E\!+&0!A-8+67,78<+6*F*$*6E#!@*''(-!;&=#!B??O!X+&Jn>RM>NHORw]V#!!
!
]2#!! :+67/'zE!3\! 4*+7! \! 4(&0!3\!S$7<<-/!Y;\! K6-=-8+&&! S#!;&,+<'($+6*7&!7)! +0($6!








F+'-0! -&A+&,-0! 0-$*J-/E! 7)! A(8+&! -8F/E7&*,! '6-8! ,-$$T0-/*J-0! J+',($+/! ,-$$!




',+))7$0! *8</7J-'! ,-$$! 6/+&'<$+&6! '(/J*J+$\! /-0(,-'! *&)+/,6! -C<+&'*7&\! +&0! *&0(,-'!
&-7J+',($+6(/-! )7/8+6*7&! *&! *',A-8*,! 8E7,+/0*(8#! #! 38#! .7$$#! .+/0*7$#! B??D! +7u6!
DnDDMRNHGVDwG?#!!
!
2R#!! 4*(! \! c(! h\! +&=! ~\! (! .\! +&=! \! Y7&=! Y\! -6! +$#! 3(67$7=7('! '6-8! ,-$$!
6/+&'<$+&6+6*7&! )7/! 8E7,+/0*+$! /-<+*/#! 38#! #! SAE'*7$#! c-+/6! .*/,#! SAE'*7$#! B??D!
+7u6nB]OMBNHcV?>w>>#!!
!





*&X-,6+F$-! +$=*&+6-! *8<$+&6! 7&! ,+/0*+,! /-870-$*&=! +&0! )(&,6*7&! +)6-/! /-,-&6! +&0! 7$0!
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Cell Delivery: Intramyocardial Injections or
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Etienne Puymirat, MD, Séverine Peyrard, MSc, Onnik Agbulut, PhD, and
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Pompidou, Department of Cardiovascular Surgery; Ecole de Chirurgie, Paris; Assistance Publique-Hôpitaux de Paris, Hôpital
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du Cytosquelette, EA300, Université Paris Diderot, Paris; Assistance Publique-Hôpitaux de Paris, Hôpital Européen Georges
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Background. Multiple needle-based injections of cells
in the myocardium are associated with a low engraftment
rate, which may limit the benefits of the procedure. This
study used skeletal myoblasts to perform a head-to-head
comparison of conventional injections with epicardial
deposition of scaffold-embedded cells.
Methods. Four weeks after ligation-induced myocar-
dial infarction, 40 rats were randomly allocated to receive
intramyocardial injections of 5 million human skeletal
myoblasts or control medium or to have the infarcted
area covered with either a bilayer myoblast cell sheet
prepared from a fibrin-coated culture plate or a myoblast-
seeded collagen sponge (Gelfoam; Pharmacia & Upjohn,
Kalamazoo, MI). End points, assessed after 1 month,
included left ventricular function blindly measured by
echocardiography, quantification of cell engraftment by
quantitative real-time polymerase chain reaction and
immunostaining, histologic assessment of fibrosis and
angiogenesis, and tissue levels of host-specific angio-
genic and antifibrotic cytokines.
Results. Compared with control medium- or myoblast-
injected hearts, those receiving the two cell constructs
demonstrated the highest recoveries of left ventricular
function (p  0.004 versus controls). Both myoblast cell
sheets and myoblast-seeded Gelfoam sponges also re-
sulted in significantly greater angiogenesis compared
with controls. The Gelfoam group was associated with
the best outcome with regard to the number of engrafted
donor cells (p  0.03 versus myoblasts) and the reduction
of fibrosis (p  0.02 and p  0.04 versus the control and
myoblast groups, respectively).
Conclusions. Compared with injections, delivery of
myoblasts in a construct overlaying the infarcted area is
associated with better graft functionality, possibly be-
cause of maintenance of improved cell patterning. The
cell-seeded Gelfoam construct was found to feature a
user-friendly, reproducible, and atraumatic technique.
(Ann Thorac Surg 2009;87:1196–204)
© 2009 by The Society of Thoracic Surgeons
During the last decade, the accumulating experiencewith cardiac cell therapy has allowed us to recog-
nize that the outcome of the procedure was not only
dependent on the cell type but also on the methods used
for transferring cells and ensuring their optimal engraft-
ment [1]. Consequently, basic research on cell biology
has been increasingly paralleled by more technology-
oriented studies aimed at optimizing graft delivery and
survival. In the setting of surgical applications, this has
led us to consider non–injection-based techniques entail-
ing the epicardial coverage of the infarct area by cellu-
larized scaffolds [2–4] with the hope that these patches
would reduce mechanical leakage of the donor cells and
promote their appropriate patterning with respect to
cell-to-cell and cell-to-extracellular matrix contacts,
thereby reducing cell death that occurs when anchorage-
dependent cells are detached from the extracellular ma-
trix [5]. So far, however, most of these studies have failed
to provide a head-to-head comparison of these new
approaches with the conventional needle-based injection
technique. The present study was designed to address
this issue by comparatively assessing, in a rat model of
myocardial infarction, the effects of multiple skeletal
myoblast injections with those of two epicardially deliv-
ered constructs, of which one was made of a scaffold-free
myoblast cell sheet and the other of a myoblast-seeded
gelatin sponge.
Material and Methods
All experiments were performed in accordance with the
“Principles of Laboratory Animal Care” formulated by
the National Society for Medical Research and the
Accepted for publication Dec 24, 2008.
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“Guide for the Care and Use of Laboratory Animals”
prepared by the Institute of Laboratory Animal Re-
sources, Commission on Life Science, National Research
Council, and published by the National Academy Press,
revised 1996.
Cell Cultures
Primary muscle cell cultures were prepared from hu-
man biopsies taken during orthopaedic operations
after institutional approval. The general methodology
has already been described [6] and, in brief, entailed
digestion of the biopsy by collagenase and trypsin
followed by culture in a myogenic-specific medium
based on a modification of MCDB120 supplemented
with fetal bovine serum, basic fibroblast growth factor,
dexamethasone, penicillin, and streptomycin. After ex-
pansion until passage 5, aliquots of cells were cryopre-
served until the time of use. They were then thawed,
resuspended for 4 days in the same medium, and
collected by trypsinization.
Preparation of Myoblast Cell Sheets
Biodegradable polymerized fibrin-coated dishes were
prepared as described previously [7]. Briefly, a mixture of
human fibrinogen (90 mg), thrombin (4 U), aprotinin
(3,000 U), and calcium chloride (3.52 mg) was diluted in
16 mL of saline solution, and 0.3 mL of this solution was
spread onto 35-mm culture dishes (Corning, Acton, MA).
Polymerization was achieved after 2 hours at room tem-
perature. Myoblasts were then plated on the dishes at a
density of 6.25  104/cm2 in 2.6 mL of a special medium
supplemented with 20% fetal bovine serum, 5.0 ng/mL
basic fibroblast growth factor, 5.0 ng/mL dexamethasone,
and antibiotics (penicillin, streptomycin, and amphoter-
icin). The cell-coated dishes were incubated at 37°C in a
humidified atmosphere, and myoblast cell sheets were
obtained 9 days later, after the fibrin layer had been
gradually degraded by the proteases secreted from the
cultured cells. At the time of transplantation, the cell
sheets were detached from the plates with a cell scraper.
Two of them were overlaid and preincubated to allow
stabilization for 30 minutes. To avoid them from being
damaged, the stacked cell sheets were mounted onto a
collagen film (CLF-01 Koken, Tokyo, Japan), which al-
lowed their easy delivery to the host heart. Immediately
after transplantation, the collagen film was peeled off the
myoblast cell sheets, which adhered to the epicardial
surface of the infarcted area.
Five nontransplanted myoblast sheets were trypsin-
ized and assessed for viability by trypan blue exclusion at
five different times (0, 15, 30, 60, and 120 minutes). Other
sheets were either fixed in cold methanol (20°C, 10
minutes) and then assessed for the presence of myogenic
cells by desmin immunostaining (1:100; DakoCytoma-
tion, Glostrup, Denmark) after 9 days of plating or tested
for cell proliferation by Ki-67 (1:30; Abcam, Cambridge,
MA) at days 1 (negative control), 9, and 21 after plating.
Preparation of Cell-Seeded Gelfoam Sponges
Gelfoam sheets (Pharmacia & Upjohn, Kalamazoo, MI)
were cut into 2.5  1.0  0.5 cm3 blocks, hydrated in
phosphate-buffered saline for 30 minutes, and seeded
with human myoblasts at a density of 0.8  105 (6 drops,
one in each corner and two in the central part of the
Gelfoam piece). The cell-loaded Gelfoam blocks were
then incubated for 3 hours at 37°C with 5 % CO2 before
transfer into a six-well plate containing 3 to 5 mL of
medium supplemented with 20% fetal bovine serum, 5.0
ng/mL basic fibroblast growth factor, and 1% combined
antibiotics in each well. The medium was changed every
72 hours, and the cell-seeded scaffolds were grafted after
3 weeks. Control nontransplanted sponges were digested
with collagenase (0.5 mg/mL, Type 1A; Sigma, St. Louis,
MO), and after centrifugation the cell pellet was assessed
for viability by trypan blue exclusion. Other sponges
were frozen and subsequently cryosectioned for visual-
ization of myogenic cells by immunostaining against
desmin.
Myocardial Infarction Model
Female Wistar rats weighing 250 g were anesthetized
with 2% to 3% isoflurane (Baxter, Maurepas, France).
After tracheal intubation, mechanical ventilation (Alpha-
lab; Minerve, Esternay, France) was set at a rate of 70/min
and with a 2-mL average insufflation volume. The heart
was approached through a left thoracotomy, and a myo-
cardial infarction was created by permanent ligation of
the left coronary artery with a 7-0 polypropylene snare
(Ethicon, Somerville, NJ).
Four weeks after creation of infarction, rats underwent
a baseline echocardiographic assessment of left ventric-
ular (LV) function, and only those with an ejection
fraction between 0.20 and 0.45 were selected for the trial.
After a median sternotomy, these animals were ran-
domly allocated to receive intramyocardial injections of
culture medium (controls, n  10) or skeletal myoblasts
(5  106, n  10) or to undergo epicardial deposition of
either a 9-day cultured myoblast cell bilayer sheet (n 
10) or a myoblast-seeded Gelfoam sponge (n  10)
overlaying the infarcted area. All injections consisted of a
150-L volume delivered in three sites in the core and at
the borders of the scar by using a 29-gauge needle.
Although the myoblast sheets spontaneously adhered to
the surface of the heart, the Gelfoam sponges had to be
secured by two 7-0 polypropylene stitches. Immunosup-
pressive therapy, consisting of one daily 10 mg/kg sub-
cutaneous shot of cyclosporin A, was started on the day
of transplantation and continued thereafter until
sacrifice.
Assessment of Left Ventricular Function
Pretransplantation and posttransplantation cardiac func-
tion was evaluated before transplantation and 1 month
thereafter by transthoracic echocardiography (Sequoia 516,
equipped with a 15-MHz transducer; Siemens, Mountain
View, CA) in animals sedated with 2% isoflurane. Paraster-
nal long- and short-axis views were obtained with both
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M-mode and two-dimensional images. Left ventricular
end-diastolic surface, LV end-systolic surface, LV end-
diastolic length, and LV end-systolic length were measured
on parasternal long-axis views with two-dimensional im-
ages. Volumes were calculated as (8/3)  (surface2/
length). Ejection fraction was calculated as (LV end-
diastolic volume  LV end-systolic volume)/LV end-
systolic volume. All measurements were made in triplicate
and averaged by an investigator blinded to the treatment
group.
Quantitative Real-Time Polymerase Chain Reaction
Because the primary objective of this study was to assess
engraftment, the majority of hearts (7 of 10 in each group)
were processed for quantification of cell numbers by
quantitative real-time polymerase chain reaction (qRT-
PCR). Total RNA was extracted from rat myocardium
using the RNA NOW 60-minute one-step mRNA reagent
(Biogentex, Seabrook, TX), reverse-transcribed from an
oligo(16)dT with Mu-MLV reverse transcriptase (Invitro-
gen, Cergy, France), and qRT-PCR was performed with
SYBR Green mix (Roche, Mannheim, Germany) on a
Light Cycler FastStart DNA Master Plus (Roche). The
human-specific primer sequences (HuG6PDH-R) were
(forward/reverse) 5=-ATGGGGAAGGTGAAGGTCG-
GAG-3=/5=-TCGCCCCACTTGATTTTGCAGG- 3=.
To assess whether delivery of donor cells had triggered
host-associated angiogenic or antifibrotic pathways, qRT-
PCR was also used to quantify transcripts for rat-specific
vascular endothelial growth factor-A (VEGF-A) and hepa-
tocyte growth factor (HGF). The primer sequences were
(forward/reverse) VEGF-A: 5=-tcaccaaagccagcacatag-3=/5=-
ttgaccctttccctttcctc-3=; and HGF: 5=-TATTTACGGC-
TGGGGCTACA3=/5=-ACGACCAGGAACAATGACAC-3=.
The messenger RNA expression levels of target genes
were normalized to hypoxanthine-guanine phosphoribo-
syltransferase and transcription factor II D signals as
housekeeping genes, and all experiments were per-
formed in triplicate.
Cytokine Array
Frozen heart samples were placed into an ice-cold ho-
mogenization buffer containing (in mmol/L) 20 Tris
(pH 7.6), 250 NaCl, 3 EDTA, 3 EGTA, 0.5% nonyl
phenoxylpolyethoxylethanol 40, 2 dithiothreitol, 10 Na-
orthovanadate, 10 NaF, 10 glycerophosphate, and an
antiprotease inhibitor cocktail (Sigma). Samples were
homogenized and then centrifuged at 12,000g for 30
minutes at 0°C. Protein concentration was measured by
the method of Bradford using bovine serum albumin as a
standard. Cytokine antibody arrays were carried out
according to the manufacturer’s instructions (Ray Bio-
tech, Norcross, GA) using 200 g of protein per sample.
The system allows us to screen multiple mediators,
including cytokine-induced neutrophil chemoattractants
2 and 3, ciliary neurotrophic factor, fractalkine, LPS-
induced CXC chemokine, leptin, monocyte chemotactic
protein 1, macrophage inflammatory protein 3, nerve
growth factor , granulocyte macrophage-colony stimu-
lating factor, interferon-, tissue inhibitor of metallopro-
teinase 1, tumor necrosis factor , VEGF, and interleukins
1a, 1b, 4, 6, and 10. The expression of stroma-derived
factor 1 and placenta growth factor was also tested
separately. The intensity of the different spots was deter-
mined using a densitometric software (Scion Image, NIH,
Bethesda, MD).
Western Blot Analysis
Tissue lysates (40 g/lane) were separated by sodium
dodecyl sulfate–polyacrylamide gel electrophoresis be-
fore electrophoretic transfer onto a nitrocellulose mem-
brane (Bio-Rad, Hercules, CA). Western-blot analysis
was carried out using anti-rat VEGF-A (Santa Cruz
Technology, Santa Cruz, CA) and anti-rat HGF (Eurome-
dex, Souffelweyersheim, France) antibodies. Antibody
reacting bands were visualized after development with
peroxidase-conjugated secondary antibodies (Pierce Bio-
technology, Rockford, IL) and a chemiluminescent detec-
tion system (ECL-Plus; GE Healthcare, Chalfont St. Giles,
UK). Bands were quantified by densitometric software
(Scion Image, NIH).
Histologic and Immunohistochemical Assessment
After the last echocardiographic assessment, three hearts
in each group were separated in two halves by a short-
axis section through the midportion of the infarcted area.
The blocks were immediately fixed in Tissue-TeK Opti-
mal Temperature Cutting medium (Sakura, Torrance,
CA) and frozen at 180°C in liquid nitrogen until they
were sliced into 7-m-thick cryosections using an ultra-
microtome (LM 1850; Leica, Wetzlar, Germany). Forty
fields (10 per heart) randomly spanning the entire infarct
area were analyzed with a microscope (Leica DMIL)
equipped with a digital camera (Qicam; Qimaging,
Burnaby, BC, Canada ). Hematoxylin and eosin staining
was used to delineate the area of infarction. The presence
of human cells was detected by immunofluorescence
using an antibody directed against a specific nuclear
human protein (lamin A/C; Novocastra, A Menarini
Diagnostics, Rungis, France) at a magnification 40.
Myogenic cells, macrophages, and T lymphocytes were
identified by immunostaining using antibodies against
fast skeletal myosin (clone My32, 1:200; Sigma), CD68
(clone ED-1, 1:100; Serotec, Oxford, UK), and CD3 (1:75;
DakoCytomation, Trappes, France), respectively. The
proteins were revealed using fluorescein isothiocyanate-
or Texas red-conjugated secondary antibodies. The pres-
ence of these different cells in the myocardial tissue was
then graded according to a semiquantitative score where
1, 2, and 3 corresponded to minimal, moderate, and
massive infiltration, respectively. Endothelial cells were
immunostained with a rat-specific antibody (RECA,
clone HIS52, 1/30; Serotec, Dusseldorf, Germany) conju-
gated with a biotinylated anti-mouse IgG secondary
antibody (Vector, Burlingame, CA). Angiogenesis was
then computed by counting RECA-positive cells at a
magnification of 10. The extent of fibrosis was assessed
by Sirius red staining at a magnification 5. Digital
images were then processed with Metamorph software
(Universal Imaging Corporation, Downington, PA), and
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fibrosis was expressed as the ratio between the area of
scar tissue to the LV area. Nuclei were counterstained
with hematoxylin or 4=, 6-diamidino-2-phenylindole.
Data Analysis
Data are summarized using median (minimum; maximum)
or mean (1 standard deviation) values. The changes in LV
function variables (LV ejection fraction, LV end-diastolic
volume, LV end-systolic volume) were compared among
treatment groups using a parametric analysis of covariance
with the presacrifice measurement as outcome and the
pretransplantation measurement and treatment groups as
covariates. The mean numbers of vessels per square milli-
meter and the mean percentages of fibrosis were compared
among groups using a mixed model for clustered continu-
ous data, taking into account the intraheart correlation (as
multiple slices were used for a single heart) or a nonpara-
metric Wilcoxon rank sum text incorporating the cluster
effect. The percentages of fibrosis were log-transformed to
satisfy hypotheses required for the parametric model. Sta-
tistical significance was set at the 5% threshold, and all
statistical analyses were performed with the SAS statistical
software version 9.1 (Cary, NC.).
Results
In Vitro Data
Proliferation of myoblasts in the cell sheet, as assessed by
Ki-67 immunostaining, peaked at day 9 but sharply
dropped thereafter, hence the choice to graft the sheets at
the 9-day time point. At this time, the sheets had become so
sticky that they could not be trypsinized for cell counting,
but the growth kinetics suggested that each of them con-
tained approximately 1 million myoblasts so that a twofold
greater number of cells were delivered to the heart once
two sheets had been piled one on top of the other. Prolif-
eration of myoblasts within the Gelfoam sponge was im-
portant. Three of these scaffolds, initially seeded with 80,000
cells, were tested for the presence of myoblasts by desmin
staining and, after 3 weeks, the number of cells was found
to have increased to approximately 3  106. In all groups,
pretransplantation cell viability was greater than 90%.
Functional Outcome
Baseline LV ejection fraction was not different among the
four groups and averaged (mean  standard deviation)
0.32%  0.7%, 0.30%  0.9%, 0.32%  0.7%, and 0.29% 
0.5% in the control, myoblast, Gelfoam, and cell sheet
groups, respectively (p  0.75). However, the patterns of
changes were then divergent as LV function deteriorated
compared with baseline values in control hearts, stabi-
lized in the myoblast group, and increased in the two cell
construct groups (Fig 1). After adjustment for baseline
values, the posttransplantation LV ejection fraction
(mean and 95% confidence interval) was thus found to be
higher, although not significantly, in the myoblast group
compared with controls (estimated difference of means:
7.2% [0.6 to 15.0], p  0.08), whereas the best recoveries
were yielded by the Gelfoam (Pharmacia & Upjohn) and
cell sheet groups (estimated difference of means with
controls, 10.3% [2.5 to 18.0] and 10.3% [2.5 to 18.2],
respectively, both p  0.004). Left ventricular end-
diastolic and end-systolic volumes were not significantly
different among the four groups (data not shown).
Cell Engraftment
Seven hearts were processed for quantification of cell
engraftment by polymerase chain reaction. Human cells
could be detected in two, two, and five of them in the
myoblast, cell sheet, and Gelfoam groups, respectively.
The DNA concentration (median [min, max]), as deter-
mined by qRT-PCR, was 0.00 ng/L [0.00, 2.60], 0.00
ng/L [0.00, 88.00], and 6.20 ng/L [0.00, 17.40] in the
myoblast, cell sheet, and Gelfoam groups, respectively
(p  0.03 for Gelfoam versus myoblasts), but we failed to
find a significant correlation between the amount of
residual DNA in each heart and the corresponding func-
tional outcome. Immunostaining against the fast skeletal
muscle marker My32 (Fig 2) showed that in the two
scaffold-treated groups, myogenic cells remained con-
fined within the epicardial construct and had not mi-
grated into the infarcted area. In keeping with the poly-
merase chain reaction data, the presence of these cells
was minimal (1) in the cell sheet group and greater (2
or 3) in the Gelfoam group.
Angiogenesis
There was a greater degree of angiogenesis in the two
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Fig 1. Baseline left ventricular ejection fraction (EF) in all groups
and percentage of change 1 month after transplantation. Data are
given as mean  standard deviation.
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number of vessels per square millimeter was 190 (187,
199), 304 (221, 327), 520 (330, 528), and 426 (397, 448) in the
control, myoblast, Gelfoam, and cell sheet groups, re-
spectively (Gelfoam versus controls, nonadjusted p 
0.03; cell sheet versus controls, nonadjusted p  0.02).
Fibrosis
The extent of fibrosis, expressed as a percentage of the
infarcted area, featured grossly similar patterns. The
median (min, max) percentage was 66% (61%, 73%), 61%
(51%, 79%), 36% (34%, 44%), and 43% (28%, 94%) in the
control, myoblast, Gelfoam, and cell sheet groups, re-
spectively. Only the difference between the Gelfoam and
the control and myoblast groups reached statistical sig-
nificance (nonadjusted p  0.02 and p  0.04, respec-
tively). Immunostaining against ED1 showed that the
infiltration of the two scaffolds and the underlying in-
farcted area by macrophages was overall moderate and
tended to be still more limited in the cell sheet group.
The infiltration by CD3 was minimal in the three cell-
treated groups, thereby reflecting the efficacy of the
immunosuppression regimen.
Expression of Cytokines
There was no significant difference among groups with
regard to the expression of mRNA for VEGF or HGF, as
determined by qRT-PCR, or the expression of the tissue
levels of the corresponding proteins, as determined by
Western blot analyses (data not shown). Likewise, levels
of the multiple mediators screened by the cytokine array
system as well as those of stroma-derived factor 1 and
placenta growth factor failed to show significant be-
tween-group differences.
Comment
A consistent finding of cell therapy studies is the very low
rate of sustained cell engraftment, which can drop as low
as 1% of the initial number of donor cells a few weeks
after transplantation [8]. Taking into account that the
cardiomyocyte deficit resulting from an infarction large
enough to cause heart failure is in the range of 1 billion
cells [9], one cannot realistically expect a clinically mean-
ingful benefit from such a tiny number of residual donor
cells, particularly in the case of skeletal myoblasts for
which a clear dose-effect relationship has been docu-
mented [10]. This low rate of engraftment is initially
caused by a mechanical leakage of cells [11–13] and
subsequently worsened by an interplay of biologic fac-
tors that include inflammation, ischemia owing to poor
vascularization of the injected areas, and apoptosis sub-
sequent to detachment of anchorage-dependent cells
from their extracellular matrix, so-called anoikis [14]. The
recognition of these contributing factors provides a ratio-
nale for embedding cells into three-dimensional biode-
gradable scaffolds that might better preserve cell survival
and proliferation compared with proteolysis followed by
injection of isolated cells. Furthermore, the epicardial
delivery of these scaffolds avoids the drawbacks associ-
ated with multiple needle-based injections, which in-
clude (1) a washout of cells through channel leakage and
the vascular system, (2) an inhomogeneous distribution
of cells, (3) the disruption of the extracellular matrix and
the subsequent loss of signals that modulate cell survival,
differentiation, and patterning, (4) the lack of reproduc-
ibility, and (5) a potential proarrhythmic risk attributable
to the conduction blocks created by the clusters of cells
interspersed in the disrupted myocardial tissue [8]. On
the basis of these grounds, two conceptually different
constructs, cell sheets and collagen scaffolds, were tested
in the present study.
Scaffold-free cell sheets can be manufactured onto
temperature-sensitive [15] or, like in our experiments,
fibrin-coated culture dishes [7]. In both settings, two
detached cell sheets can be piled one on top of the other
as beyond this number, the thickness of the construct
Fig 2. Detection of human cells in myoblast-
seeded collagen sponge (Gelfoam; Pharmacia
& Upjohn, Kalamazoo, MI) before (A) and
after (B–F) implantation in infarcted myocar-
dium. (A–C) Immunofluorescence staining
shows the presence of desmin-positive cells in
the myoblast-seeded collagen sponge 3 weeks
after cell culture (A). One month after im-
plantation in infarcted myocardium, immuno-
fluorescence shows the presence of many hu-
man cells identified by their positive staining
for the human lamin A/C (B, D); some of
them express the adult fast myosin heavy-
chain marker (My32) and have differentiated
into multinucleated myotubes (C). (D–F)
Grafted cell expressing the human marker
lamin A/C (D) and the myogenic marker
My32 (E). Picture F represents the merged
image. Nuclei are stained blue by 4=, 6-di-
amidino-2-phenylindole. Bar  75 m (A);
125 m (B); 25 m (C); 10 m (D–F).
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may prevent adequate oxygenation of the outer layers.
The advantages of this approach include (1) the lack of
any foreign material, (2) the maintenance of intercellular
connections through anchorage of the cells to a self-
secreted extracellular matrix, and (3) possibly a mechan-
ical cyclic strain-induced orientation of the layered cells
toward a cardiomyogenic phenotype [16]. The main lim-
itation of the cell sheets is their fragility, which compli-
cates manipulations at the time of transplantation. In the
present study, the myoblast cell sheet group yielded
better results than the conventional injection technique
with regard to preservation of LV function, angiogenesis,
and to a lesser extent, limitation of fibrosis. These data
are consistent with those that have been reported with
myoblast cell sheets prepared onto temperature-
sensitive dishes, both in ischemic [17] and nonischemic
[18] cardiomyopathy models. However, an unexpected
observation was that this superior outcome did not
correlate with a greater rate of engraftment as there were
only very few residual donor cells detectable after 1
month. The reason for this massive graft loss is unclear,
but it is noteworthy that, so far, a successful use of cell
sheets prepared onto fibrin-coated dishes has only been
reported with rat neonatal cardiomyocytes [19]. Of note,
in this study, there was evidence for bidirectional elec-
trical communication between the host heart and the cell
sheet without inducible arrhythmias by a programmed
stimulation protocol, which strengthens the concept that
replacement of intramyocardial injections by epicardial
cell deposition may increase the safety of stem cell
delivery. However, one cannot exclude that myoblast
culture on fibrin-coated dishes is less effective than when
it is done on temperature-sensitive plates because stem
cell–biomaterial interactions have been shown to be
cell-specific [20]. Furthermore, whereas myoblasts were
cultured for 9 days onto the fibrin-coated dishes, the
incubation time with temperature-sensitive dishes is
shortened to 1 to 2 days. This temporal difference may
also affect the patterning of intercellular connections and
the associated anchorage-dependent survival signaling.
Indeed, temperature-sensitive dishes look particularly
appealing because their surface characteristics seem to
accommodate a large variety of cells for the manufactur-
ing of cell sheets.
Collagen-based constructs have already been shown to
exert powerful angiogenic effects, regardless of whether
collagen was used in a liquid form in conjunction with
cells [21] or a cell-free solid scaffold [22]. In the present
study, we selected to seed myoblasts onto Gelfoam, a
three-dimensional gelatin matrix with a honeycomb-like
structure, because this material features excellent han-
dling characteristics and allows adequate cell growth
kinetics, as demonstrated by the large increase in the
myoblast number within 3 weeks of incubation inside the
patch. Previous studies have established that Gelfoam
sponges were effective vehicles for delivering mesenchy-
mal stem cells in cartilage regeneration therapy [23],
endothelial cells for control of vascular repair after arte-
rial injury [24], and cardiomyoblasts for preserving func-
tion of heterotopically transplanted hearts [3]. Interest-
ingly, it has also been shown that endothelial cells
embedded in Gelfoam were protected from both alloge-
neic and xenogeneic immune rejection [25], but this
property was not tested in this study because the parallel
use of human myoblasts (in suspension or layered as cell
sheets) required in any event an immunosuppressive
therapy. Our data confirm that incorporation of skeletal
myoblasts in Gelfoam is an effective means of increasing
cell engraftment and correspondingly improved LV func-
tion, increased angiogenesis, and reduced fibrosis. Al-
though we did not include a group receiving a cell-free
patch, it is unlikely that these beneficial effects could be
attributed to the matrix alone as epicardial deposition of
an acellular collagen sponge has failed, in a similar
model, to provide any benefit [4], probably because this
material is too soft to mechanically scaffold the infarct
area and prevent its remodeling. Of note, the remaining
cells were confined within the patch without evidence for
penetration within the myocardium. This may not be
such an issue with skeletal myoblasts, which, because of
their lineage-restriction, are in any event unable to con-
vert into cardiomyocytes and thus establish electrome-
chanical connections with the host cardiac cells [26].
Previous studies, however, have reported that epicardi-
ally delivered rat neonatal cardiomyocytes were able to
foster such connections [19], and patch-embedded mes-
enchymal stem cells have also been shown to invade the
underlying infarcted area [2]. Thus, the extent to which
the phenotype of the grafted cells along with their
migratory capacity from the supporting patch may affect
the patterns of scar recolonization remains to be
investigated.
Technical factors related to the optimal cell-seeding
density for each substrate (collagen sponge or fibrin-
coated dish) and to the material-specific growth charac-
teristics of the cells precluded us from matching the
ultimate number of myoblasts that were delivered in
each group. Clearly, however, this number was smaller in
the cell sheet and Gelfoam groups, and the finding that
hearts in these two groups yet demonstrated superior
outcomes compared with those injected intramyocardi-
ally strengthens the conclusion about the efficacy of
epicardial cell delivery. Interestingly, although the two
construct-treated groups yielded equivalent functional
recoveries, they markedly differed with regard to the
number of residual cells, which were much more abun-
dant in the Gelfoam-treated hearts than in those covered
with the myoblast sheets. Similarly, a cardiac patch made
of mesenchymal stem cells embedded in collagen has
been shown to improve postinfarction myocardial re-
modeling despite the lack of detectable cells 4 weeks
after patch implantation [4]. Although the xenogeneic
setting of the present study may have aggravated graft
loss despite immunosuppression, this effect would be
expected to have been equally balanced among all
groups. The reason for the discrepancy in cell numbers
between the two patch groups remains unclear but could
be related to the fact that the three-dimensional collagen
scaffold onto which myoblasts were incorporated was
more conducive to their survival and proliferation than
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the thin bilayer cell sheet. Regardless of the causes for
this difference in cell numbers, these data support the
assumption that transplanted cells do not primarily act
by physically replacing dead cardiomyocytes but rather
activate host-associated endogenous pathways that sub-
sequently remain operative on their own even though the
trigger cells have disappeared. This paracrine mode of
action is thought to account for the common discrepancy
between the functional benefits of cell transplantation
and the scarcity of long-term donor cell engraftment [27].
It is supported by the previous observations that delivery
of human endothelial progenitors in nude mice [28] or
transplantation of mouse myoblasts in swine [29] results
in an upregulation of host-associated cytokines and
growth factors. Likewise, human mesenchymal stem cells
embedded into a collagen patch epicardially applied onto
rat hearts have been shown to increase the number of
native recipient-specific myofibroblasts [4]. Recently, ad-
ditional compelling evidence for the predominant in-
volvement of cell-released mediators has been offered by
a study in which the sole injection of the cell-derived
conditioned medium was sufficient to trigger cardiopro-
tective effects in a porcine model of myocardial infarction
[30]. However, in the present study, our combinatorial
approach looking at both mRNA and protein expression
(by two different techniques) failed to demonstrate the
upregulation of various recipient-specific cytokines, par-
ticularly VEGF and HGF. A possible explanation is that
these mediators are relatively short-lived, which could
have prevented an increase in their tissue levels from
being detectable after 1 month whereas the events they
have triggered (increased angiogenesis, reduced fibrosis)
are still present. Indeed, in the study by Cho and cowork-
ers [28], which has demonstrated the activation of host-
associated signaling pathways by engrafted cells, the
follow-up was limited to 14 days. Likewise, in experi-
ments showing that the myoblast cell sheet resulted in
higher tissue levels of VEGF and HGF than injections of
the same myogenic cells, polymerase chain reaction was
performed 7 days after transplantation [17]. In line with
these findings, in the study in which a mouse myoblast
cell line was injected into swine hearts, angiogenesis was
found to be significantly higher than in controls after 1
month whereas at the same time, transcripts for porcine
VEGF were absent or only minimally expressed [29]. Of
note, the present data suggest that the paracrine effects
largely documented for mesenchymal stem cells [31–33]
are also relevant to skeletal myoblasts, which is in line
with the previous observation that epicardially applied
myoblast cell sheets release cardioprotective signaling
molecules more effectively than when these cells are
injected intramyocardially [17]. Altogether, these results
are consistent with the report by Ebelt and coworkers [34]
and our own findings [35] that myoblasts release a blend
of cardioactive growth factors and cytokines favorably
modulating cardiomyocyte survival, inflammation, ma-
trix composition, and scar formation.
In conclusion, these data suggest that the benefits of
cell transplantation can be potentiated by an epicardial
deposition of the cells, as opposed to their usual in-
tramyocardial injection. The advantages of this mode of
delivery, which likely extend beyond the sole use of
skeletal myoblasts, could make cell therapy both more
effective and more user-friendly in that a preshaped
cellularized patch made of a clinically usable material
can be expeditiously and reproducibly deposited onto
the surface of the heart during a surgical open chest
procedure.
This research was supported in part by a grant from the LeDucq
Foundation (Cardiac Progenitors Transatlantic Alliance network
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INVITED COMMENTARY
In recent years, stem cell therapy has received consider-
able attention as a novel therapeutic option for refractory
congestive heart failure. Although the mechanisms
through which these cells elicit functional improvement
are yet to be fully determined, recent studies suggest that
paracrine effects, rather than direct trans-differentiation
of donor cells into cardiomyocytes, may predominate in
augmenting postinfarction cardiac function.
Progress in cell therapy, however, is hampered by
suboptimal engraftment of donor cells into the myocar-
dium, related to the extensive cell death that ensues from
the hostile milieu into which the donor cells are intro-
duced. This problem has stimulated further investigation
of the use of bioengineered scaffolds as cell delivery
vehicles, with the hope that these constructs may en-
hance cell retention and functional recovery.
In this study, Hamdi and colleagues [1] evaluated the
effect of differing cell delivery techniques on postinfarct
heart function. Using skeletal myoblasts as donor cells in
a rat infarct model, the authors compared the conven-
tional intramyocardial injection technique with epicar-
dial placement of two cell-seeded constructs, one made
of a double-layered myoblast cell sheet and the other
constructed from a cell-seeded Gelfoam (Pharmacia &
Upjohn/Pfizer, New York, NY) patch. The authors con-
cluded that the two epicardially delivered tissue scaffolds
led to significant improvements in left ventricular ejec-
tion fraction (LVEF) compared with the controls injected
with culture medium, whereas intramyocardial injection
prevented further deterioration of ventricular function
but did not improve LVEF. Histologic analysis also
showed greater angiogenesis in the two epicardially
treated groups.
The major quandary posed by these findings is that the
effects of the varying techniques of cell transfer were
unrelated to the detectable persistence of the myoblasts
at the studied time point. Analysis of cell engraftment
revealed minimal donor cell retention, with residual
human cells detected in only 2 of 7 hearts in each of the
two groups treated with the epicardial scaffold. The
authors attribute the between-group differences in LVEF
to donor cell effects at earlier, unevaluated time points
(ie, earlier than 1 month). Their analysis of cytokines 1
month after cell delivery showed no differences between
groups that might explain differences in functional recov-
ery, but this, like the absence of persistent donor cells,
may merely be a reflection of the time point chosen.
Somewhat surprisingly, end-systolic and end-diastolic
volumes did not differ between groups. Thus, although
the cell sheets and Gelfoam patch improved LVEF, they
did not do so by reducing infarct expansion compared
with intramyocardial injection. Ultimately, the lack of a
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Aims Intramyocardial injections of cells can damage tissue and enhance dissociation-induced cell death. We assessed
whether epicardial delivery of cell sheets could overcome these issues in a rat model of chronic myocardial infarction.
Methods
and results
Eighty-two rats that had undergone coronary ligation and simultaneous harvest of fat tissue to yield the adipose-
derived stromal cell (ADSC) fraction were randomized 1 month after infarction to receive injections of either
control medium (n ¼ 24) or 10 × 106 autologous ADSC (n ¼ 37) or the epicardial deposit, onto the infarcted
area, of a trilayered ADSC sheet (10 × 106, n ¼ 21) prepared by culturing cells on temperature-sensitive dishes.
Some treated rats received green fluorescent protein labelled ADSC. Survival, function, and cell engraftment were
blindly assessed after 2 months. Prior to implantation, cell sheets and suspended cells were assessed for the
expression of extracellular matrix constituents and molecules involved in angiogenesis and cardiac remodelling.
The survival rate of rats receiving the cell sheets was significantly higher than after cell injections (73 vs. 41%,
P ¼ 0.01). This correlated with the absence of left ventricular (LV) remodelling in the cell sheet group, as end-dias-
tolic volume only increased by 2.8% compared with baseline [95% confidence interval (CI): 218.7%; +30.0%,
P ¼ 0.81] vs. increases of 25.9% (20.4%; +59.2%, P ¼ 0.05) and 51.2% (+18.6%; +92.8, P ¼ 0.001) in the cell
and medium injection groups, respectively. Sheets also resulted in a greater cell engraftment possibly related to
the greater expression of extracellular matrix constituents.
Conclusion The better preservation of LV geometry afforded by ADSC sheets is associated with increased survival and engraft-
ment, which supports the concept of an epicardial delivery of cell-seeded biomaterials.
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The efficacy of cardiac cell therapy is still hampered by the high rate of
cell death occurring over the first days after transplantation. In a pre-
vious head-to-head comparative study,1 we have shown that the epi-
cardial delivery of a cellularized biomaterial (either a myoblast-seeded
collagen patch or a sheet of myoblasts generated by culturing cells
onto temperature-responsive dishes) resulted in better outcomes
than conventional hand-held transepicardial injections. This result,
which was in keeping with those previously reported by the Japanese
group which has pioneered this technology,2–4 was attributed to the
generation, during the culture period, of an extracellular matrix pre-
serving cell cohesiveness and thereby reducing the component of
apoptotic death related to their pre-injection proteolytic dis-
sociation.5,6 So far, however, this mechanistic assumption has been
supported by few data. The present two-step study was therefore
designed (i) to characterize, in vitro, the composition of cell sheets
with regard to the presence of extracellular matrix constituents,
and then (ii) to compare in an in vivo rat model of myocardial infarc-
tion, cells sheets, and intramyocardial injections, with survival as the
primary endpoint. The reason for this choice is that most, if not all,
experimental studies have reported that cells, regardless of their phe-
notype, improved left ventricular (LV) function, a finding in sharp con-
trast with the still rather marginal benefits of this therapy in patients. It
was thus reasoned that survival would be a more sensitive, more
robust and equally relevant marker of treatment effects. Adipose-
derived stromal cells (ADSC) were selected as the candidate cells
because (i) they can be harvested and grown in a straightforward
fashion, and (ii) they secrete a wide array of angiogenic and anti-
apoptotic factors7,8 that likely account for their beneficial effects on




Eighty-two female Wistar rats (Janvier) weighing an average of 200–250 g
were used in this study. All procedures were approved by our institutional
Ethics Committee and complied with the European legislation (European
Commission Directive 86/609/EEC) on animal care.
2.2 Myocardial infarction model and
transplantation
Permanent ligation of the left anterior descending coronary artery was
performed as described previously.1 Briefly, rats were anaesthetized
with isoflurane (Baxter, Maurepas, France), 3% at induction and 2% for
maintenance and tracheally ventilated at a rate of 70/min and with an
0.2 mL average insufflate volume (Alphalab, Minerve, Esternay, France).
Analgesia was performed for 2 days after surgery with a 10 mg/kg subcu-
taneous injection of ketoprofen (Merial, Lyon, France). The heart was
exposed through a left thoracotomy, and the left coronary artery was per-
manently ligated between the pulmonary artery trunk and the left atrial
appendage. One month after myocardial infarction, rats underwent a
baseline echocardiographic assessment of LV function. Following a
median sternotomy, animals were then randomly allocated to receive
three in-scar injections of phosphate-buffered saline (PBS) (controls,
n ¼ 24) or autologous ADSC (10 × 106, n ¼ 37) or underwent the epi-
cardial deposition of a triple-layer autologous ADSC sheet (10 × 106
cells, n ¼ 21) overlaying the infarcted area. Several volumes were used
in the ADSC injection group: 80, 100, and 150 mL. Intramyocardial
injections were performed with a 29-gauge needle, while the autologous
ADSC sheets spontaneously adhered to the surface of the heart. Two
months after treatment, all animals underwent a repeat echocardiographic
assessment of LV function and were euthanized with an overdose of iso-
flurane. All rats were treated with cyclosporin A (10 mg/kg/d, ip, Novartis)
1 day before transplantation and daily until sacrifice. Although cells were
of autologous origin, this immunosuppression regimen was deemed
necessary because some cells were transduced with enhanced green flu-
orescent protein (eGFP) (see below), which is known for triggering
immune reactions involving the bystander activation of autoreactive T
cells by viral-induced inflammatory cytokines.12
2.3 Assessment of LV function
Pre- and post-transplantation cardiac function was evaluated before trans-
plantation and 2 months thereafter by transthoracic echocardiography
(Sequoia 516, equipped with a 13 MHz phased-array linear 15L8 probe,
Siemensw) in animals sedated with 2% isoflurane. Parasternal two-
dimensional long-axis views allowed to measure LV end-diastolic
surface, LV end-systolic surface, LV end-diastolic length, and LV end-
systolic length and LV volumes were calculated as (8/3p) × (area2/
length). Ejection fraction (%) was calculated as (LVEDV2 LVESV) ×
100/LVEDV). All measurements were made on digital loops in triplicate
and averaged by an investigator blinded to the treatment group.
2.4 Isolation of ADSC and preparation of cell
sheets
Autologous cells from the stromal vascular fraction were isolated from ingu-
inal subcutaneous adipose tissue at the time of myocardial infarction in each
rat.11After enzymatic digestion and filtration, mature adipocytes were separ-
ated fromthe stromal fraction by centrifugation. Thepelletwas re-suspended,
and cells were seeded in DMEM-F12 medium supplemented with 10% foetal
bovine serum (FBS) and maintained in 5% CO2 till the sub-confluence. Sub-
confluent ADSC were obtained after 6 days.13 ADSC were transduced
with a third-generation lentivirus vector expressing eGFP cDNA (BiVIC Vec-
torology Platform, IFR150, Toulouse) using a MOI of 50 in the presence of
protamine sulphate (4 mg/mL, Sigma). More than 30% of ADSC were eGFP-
positive, as determined by flow cytometry.
Cell sheets were formed by plating of 3.6 × 105 cells/cm2 ADSC onto
thermo-responsive dishes (UpCellTM) and kept in a 378C incubator for
24 h (ADSC-Sheet-24 h) for transplantation studies and for 24 and 48 h
(ADSC-Sheet-24 h, ADSC-Sheet-48 h) for in vitro characterization
studies. Cell sheets detached spontaneously at room temperature
within 30 min, and were then washed once with PBS, thereby yielding a
scaffold-free monolayered ADSC graft. Three cell sheets were stacked
one above the other to yield the triple-layer construct, which was used
in transplantation experiments.
2.5 Characterization of ADSC sheets
2.5.1 Histological examination
ADSC sheets were fixed in 4% formalin overnight and embedded in
paraffin. Sections with 5 mm thickness were stained with haematoxylin
and eosin for visualization of general morphology. Images were taken
with an inverted microscope (Leica DMIL) equipped with a digital
camera (Qicam, Qimaging).
2.5.2 Colony-forming unit formation and differentiation
assays
ADSC were cultured on either classic TPPw flasks (ADSC) or seeded for
24 h onto temperature-responsive dishes (ADSC-Sheet-24 h). All cell cul-
tures were then trypsinized and cells collected for further use. For colony-
forming unit (CFU)-f assays, the cells were plated at 400 cells per 25 cm2
flask in DMEM-F12 supplemented with 10% of newborn calf serum. After
14 days of culture, the cells were fixed with methanol and stained with


















































May–Gru¨nwald–Giemsa (Sigma). The number of colonies were counted
and recorded. For differentiation assays, the cells were plated at a density
of 1.5 × 104 cells/cm2. Adipogenic differentiation was induced at conflu-
ence in DMEM-F12 supplemented with 10% FBS, 1 mM dexamethasone,
0.5 mM isobutyl-methylxanthine, and 60 mM indomethacin for 3 days,
and isobutyl-methylxanthine was then removed for the next 18 days.
Medium was changed every 2–3 days. The acquisition of the adipogenic
phenotype is characterized by cells that contain lipid vesicles and was
determined by staining the monolayers with 0.5% Oil Red-O solution.
Osteogenic differentiation was induced 1 day after plating in DMEM-F12
supplemented with 10% FBS, 0.1 mM dexamethasone, 3 mM NaH2PO4,
and 50 mg/mL ascorbic acid for 21 days. Medium was changed every 2–
3 days. Osteogenic mineralization was assessed by staining with 40 mM
Alizarin red (pH 4.1, Sigma).
2.5.3 RT2 Profiler PCR array and qRT–PCR
This array is a pathway-focused gene expression profiling using real-time
PCR. The system allows one to identify genes involved in the extracellular
matrix constitution, cell adhesion, and remodelling. RNA was isolated
using RNeasy Mini kit (Qiagen). The single strand cDNA from 1 mg
total RNA was synthesized using RT2 First Strand Kit (SABioscience).
Real-time PCR was performed according to the user manual of RT2 Pro-
filer PCR array system (SABioscience) using SYBR Green PCR Master Mix
in a Light Cycler 480 system (Roche Diagnostics). Rat extracellular matrix
and adhesion molecules PCR array (SABioscience) were repeated three
times for each condition and data were analysed using Excel-based PCR
Array Data Analysis Templates (SABioscience). In addition, qRT–PCR
was used to quantify transcripts for rat-specific hypoxia-inductible
factor 1 alpha (HIF1a), vascular endothelial growth factor-A (VEGF-A),
vascular endothelial growth factor receptor-1 (VEGFR-1), insulin-like
growth factor 1 (IGF-1), transforming growth factor beta 1 (TGF-b1),
and cyclin D1. The messenger RNA expression levels of target genes
were normalized to hypoxanthine-guanine phosphoribosyltransferase
signals as housekeeping gene, and all experiments were performed in
triplicate.
2.5.4 Western blot analysis
ADSC and ADSC-Sheet-24 h lysates (40 mg/lane) were separated by
sodium dodecyl sulphate–polyacrylamide gel electrophoresis before elec-
trophoretic transfer onto a nitrocellulose membrane (Bio-Rad). Western
blot analysis was carried out using anti-metalloprotease tissue inhibitor
type 1 (Timp1, 1:500, rabbit polyclonal, Santa Cruz Technology), anti-
integrin alpha 2 (Itag2, 1:500, mouse monoclonal, Santa Cruz Technology),
anti-elastin microfibril interfacer 1 (Emilin1, 1:500, rabbit polyclonal, Santa
Cruz Technology), anti-phospho-Akt 1/2/3 (Ser 473) (1:1000, rabbit poly-
clonal, Santa Cruz Technology), and anti-pan actin (Clone C4, 1:20000,
mouse monoclonal, Millipore) antibodies. Antibody-reacting bands were
visualized after development with peroxidase-conjugated secondary anti-
bodies (Pierce Biotechnology) and a chemiluminescent detection system
(ECL-Plus; GE Healthcare). Bands were quantified by densitometric soft-
ware (Scion Image, NIH).
2.6 Tissue processing, histological, and
immunohistochemical assessment
After the last echocardiographic assessment and sacrifice, hearts were
removed and separated in two halves by a short-axis section through
the mid-portion of the infarcted area. The blocks were immediately
fixed in Tissue-Tek (Sakura) and frozen in liquid-nitrogen-cooled isopen-
tane until they were sliced into 7 mm thick cryosections using an ultrami-
crotome (Leica). Haematoxylin and eosin staining was used to delineate
the area of myocardial infarction. The presence of grafted cells was
detected by immunofluorescence using an antibody directed against
GFP (1:800, rabbit polyclonal, Invitrogen). Engraftment was then assessed
by a semi-quantitative score ranging from 0 (no cells), 1 (minimal amount
of cells), 2 (moderate amount of cells) to 3 (large amount of cells). ADSC
cells were also identified using antibodies directed against CD90 (1:200,
mouse monoclonal, BD Biosciences) and CD73 (1:200, mouse mono-
clonal, BD Biosciences). In addition, immunolabelling was performed
with antibodies directed against alpha-actinin (1:50, mouse monoclonal,
Sigma-Aldrich), a rat-specific endothelial cell antibody (RECA, clone
HIS52, 1:30, mouse monoclonal, Serotec), CD68 (Clone ED-1, 1:100,
mouse monoclonal, Serotec), and c-kit (1:50, mouse monoclonal,
Dako). Binding of primary antibodies was detected by incubating the sec-
tions with FITC- or Texas-red-conjugated anti-mouse IgG (1:40, Vector)
or anti-rabbit IgG (1:40, Vector) antibodies. Fibrosis was assessed by
Sirius red staining. For each heart, 18 fields spanning the entire infarct
area were analysed with a microscope (Leica DMIL) equipped with a
digital camera (Qicam, Qimaging).
2.7 Statistical analysis
The changes in LV function parameters [LV ejection fraction (LVEF), LV
end-diastolic volume (LVEDV), and LV end-diastolic volume (LVESV)]
were compared between treatment groups using a parametric analysis
of variance with time (pre- and post-transplantation), treatment group,
and their interaction, and are expressed as ratios of geometric means
with their 95% confidence intervals. Comparison of survival in the differ-
ent groups of animals was analysed by a log-rank test with the Kaplan–
Meier method. Statistical significance was set at the 5% threshold, and
all statistical analyses were performed with the SAS statistical software
version 9.1 (Cary, NC 27513, USA).
The post-transplantation percentages of fibrosis were analysed using a
parametric analysis of covariance with the treatment group and the pre-
transplantation LVEF as covariates. The numbers of vessels per mm2
were compared between groups using a mixed model for clustered con-
tinuous data, taking into account the intra-heart correlation (as multiple
slices were used for a single heart), and including the treatment group
and the pre-transplantation LVEF as covariates. A square root transform-
ation of the numbers of vessels was done to satisfy hypotheses required
for the parametric model and confidence intervals were estimated by the
delta method.
3. Results
3.1 Characterization of the ADSC sheet
ADSC sheets were detached spontaneously at room temperature,
thereby yielding a scaffold-free monolayered ADSC graft (Figure 1A).
These sheets feature a ‘carpet’ of cells well connected with each
other, and cell morphology was not modified following 24 h on the
temperature-responsive surface (Figure 1B and C ). ADSC properties
were not affected either, as cells cultured for 24 h on temperature-
responsive surfaces maintained their capacity to form CFU-f and to
differentiate along the adipogenic and osteogenic lineages (Figure 1D
and E).
In order to identify extracellular matrix proteins and/or cell
adhesion molecules implicated into the formation of cell sheets, we
used the quantitative RT2 ProfilerTM PCR array, which revealed that
there was no significant difference in the gene expression profile,
regardless of whether cells (at the same density of 3.6 × 105 cells/
cm2) were cultured onto classical or temperature-sensitive surfaces,
for 24 or 48 h (Figure 2A). However, comparison of PCR results
between ADSC-Sheet-24 h and suspended ADSC showed that five
genes were significantly up-regulated (fold changes): Itag2 (3.02,
P ¼ 0.013), Emilin1 (2.54, P ¼ 0.010), Timp1 (1.79, P ¼ 0.019),
Cspg2 (1.67, P ¼ 0,044), and extracellular matrix protein 1 (1.66,
P ¼ 0.012) (Figure 2B). To confirm the validity of these genomic


















































data, we selected the significantly up-regulated genes to further study
their changes in expression by real-time PCR (data not shown) and
western blot (Figure 2C). Our results confirmed that Emilin1, Itag2,
and Timp1 proteins were up-regulated in ADSC-Sheet-24 h com-
pared with suspended ADSC. Prior to implantation, cell sheets and
suspended cells were also assessed for the expression of a cell survival
signalling mediator (Akt phosphorylation) (Figure 2C) and for some of
the key molecules involved in angiogenesis (HIF1a, VEGF-A, and
VEGFR-1) and in adaptative cardiac remodelling (TGF-b1, IGF-1).
Our results demonstrated that all these factors were up-regulated
in ADSC-Sheet-24 h compared with suspended ADSC (data not
shown).
3.2 Survival
There was a significant difference (P, 0.02 by the log-rank test) in
survival between the three groups, the highest rate being yielded by
the cell sheet group (Figure 3A). Of note, whereas pair-wise compari-
sons failed to detect a significant difference in the survival rate
between control and cell-injected rats (P ¼ 0.09), they showed that
the cell sheet group had a significantly higher survival compared
with the cell-injected rats (P ¼ 0.01). Most of the deaths occurred
over the first 3 weeks after the procedure, after which survival
curves tended to level off and became parallel between groups. Redu-
cing the volume of injection (from 150 to 100 mL and further down to
80 mL) failed to significantly alter the mortality rate in the cell-treated
group (P ¼ 0.68 by the log-rank test). Likewise, mortality adjusted for
delivered volume was still not significantly different between medium-
and cell-injected hearts (Figure 3B).
3.3 LV function
Baseline functional parameters did not differ significantly between the
three groups (Table 1). After exclusion of deaths that occurred during
the follow-up period, 14, 15, and 15 animals in the control, ADSC
injection group, and ADSC cell sheet group, respectively, remained
available for the 2-month functional outcome analysis. Prevention of
LV remodelling was observed in the cell sheet group where LVEDV
was virtually unchanged [+2.8% (95% confidence interval (CI):
218.7%; +30.0%) compared with baseline; P ¼ 0.81], whereas it
increased by 25.9% (95% CI: 20.4%; 59.2%) in the cell injection
group (P ¼ 0.05) and by 51.2% (95% CI: 18.6%; 92.8%) in the
placebo medium-injected control group (P ¼ 0.001). These con-
clusions were further supported by between-group pair-wise com-
parisons of changes in LVEDV over time (i.e. post- vs.
pre-transplantation values). Thus, comparison of changes between
Figure 1 In vitro characterization of ADSC sheets. ADSC sheets detached spontaneously at room temperature after a 24 h culture onto
temperature-responsive surfaces, thereby yielding a scaffold-free monolayered ADSC graft (A). Haematoxylin–eosin staining shows that the cell
sheet represents a carpet of cells well interconnected with each other (B and C). Differentiation assays and CFU-f in ADSC (D) and ADSC-Sheet-24 h
(E). For these assays, ADSC were cultured onto classic or temperature-responsive surfaces during 24 h, and assays were performed after trypsiniza-
tion of these cells. Adipogenic (Ad) and osteogenic differentiation (Os) of ADSC is characterized by Oil-Red-O and Alizarin red staining, respectively.
Bar: 10 mm (A), 30 mm (B), 12 m (C), and 50 mm (D–E).


















































the cell-sheet-treated and control rats yielded a negative value [mean:
232% (95% CI: 251.5%; 24.7%, P ¼ 0.02)] confirming the lesser
degree of remodelling in the former group. A similar conclusion
was drawn from the comparison of changes in LVEDV between the
cell sheet and cell injection groups [218.3% (95% CI: 241.4%;
+13.8%)]. Analysis of changes in LVESV showed similar patterns
with a mean of 0.7% (95% CI: 226.7%; +34.6%) decrease compared
with baseline values in the cell sheet group (P ¼ 0.96) vs. increases of
34.0% (95% CI: 21.2%; 81.6%, P ¼ 0.05) and 110.4% (95% CI: 53.6%;
188.2%, P, 0.0001) in the cell injection and control groups,
Figure 2 Extracellular matrix composition of ADSC sheets. Changes in extracellular matrix and adhesion molecule gene profiles of ADSC cells
cultured during 24 h (A, upper panel) or 48 h (A, lower panel) at the same density (3.6 × 105 cells/cm2) onto classic (ADSC-24 h, ADSC-48 h) or
temperature-responsive surfaces (ADSC-Sheet-24 h, ADSC-Sheet-48 h). Note that the culture surface does not influence the extracellular matrix
and adhesion molecule gene profile expression. Comparison of gene expression profiles between suspended ADSC and ADSC sheets
(ADSC-Sheet-24 h) showing up- and down-regulation of five genes (B). Corresponding changes in protein expression level in ADSC and
ADSC-Sheet-24 h (C). Note the up-regulation of Emilin1, Itag2, TIMP1, and phospho-Akt (Ser 473). Data are expressed as mean+ SD, n ¼ 4.
Figure 3 Kaplan–Meier survival curves after 2-month follow-up. (A) Percentages of surviving animals, in control (n ¼ 14 out of 24), cell-injected
(n ¼ 15 out of 37), and cell-sheet-treated (n ¼ 15 out of 21) groups. Note that rats receiving the cell sheet had a significantly higher survival compared
with the cell-injected rats (P ¼ 0.01). (B) Percentages of surviving animals in cell-injected rats treated with 80 mL (n ¼ 5 out of 11), 100 mL (n ¼ 6 out
of 13), and 150 ml (n ¼ 4 out of 13). No significant difference was observed in the survival rate between the animals treated with these different
volumes of injection (P ¼ 0.68). Significance was analysed with the log-rank test.


















































respectively. These differences in LV volumes translated into a trend
for a better, albeit not significant, preservation of EF in the cell
sheet group [+1.63% (95% CI: 25.0%; +8.3%)] compared with the
cell injection group [23.3% (95% CI: 29.9%; +3.3%)] and in the
control group [220.5% (95% CI: 227.4%;213.6%)].
3.4 Cell engraftment
Two months after transplantation, the sheet-scar interface harboured
a mixed population of endothelial cells, macrophages, and myofibro-
blasts. The grafted cells were detected by CD90 and eGFP immunos-
taining (Figure 4). In the ADSC sheet hearts, many cells were identified
within the epicardial construct (Figure 4A and B) and also in infarcted
myocardium (Figure 4C), suggesting that some of these cells had
migrated into the myocardium and specifically located around the
vessels. Conversely, in the ADSC-injected group, only rare cells
were sparsely identified between the residual cardiomyocytes
(Figure 4D). The number of engrafted cells was greater in the cell
sheet than in the cell injection group. In the epicardial layers, four
of the four eGFP-cell-injected hearts were in the 0–1 (no or
minimal amount of cells) range. In contrast, among the six
eGFP-cell-sheet-treated hearts which were analysed, two fell in this
0–1 category, while four were in the 2–3 (moderate or large
number of cells) range (P ¼ 0.07). Interestingly, quantification of intra-
myocardial eGFP+ cells showed that their number was still higher in
the cell sheet (three hearts in the 0–1 range and three in the 2–3
range) than in the cell injection (four of four hearts in the 0–1
range) groups. Because eGFP-positive cells could mistakenly be inter-
preted as donor cells while they represent macrophages that have
engulfed eGFP released by dead cells, sections were also stained for
CD68, a marker for macrophages but there was no overlay
between the two stainings (Figure 5A and C ). Two months after
implantation, some of these eGFP+ cells co-expressed
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Table 1 Summary of functional results
Group n LVEDV (mL) LVESV (mL) LVEF (%)
Baseline Post-Tx Baseline Post-Tx Baseline Post-Tx
Control 14 0.33+0.09 0.52+0.22* 0.16+0.05 0.37+0.21** 53.0+6.1 32.5+13.3**
ADSC 15 0.33+0.09 0.41+0.10† 0.18+0.07 0.24+0.08† 45.6+9.4 42.3+9.2
ADSC-Sheet 15 0.39+0.12 0.40+0.13 0.22+0.10 0.22+0.09 43.9+7.6 45.5+9.2
Values are given as mean+ SD.
LV, left ventricular; LVEDV, LV end-diastolic volume; LVESV, LV end-systolic volume; LVEF, LV ejection fraction; Post-Tx, post-transplantation.
*P ¼ 0.001 vs. baseline.
**P, 0.0001 vs. baseline.
†P ¼ 0.05 vs. baseline.
Figure 4 Detection of grafted cells. Two months after implantation, grafted cells were identified by CD90 (A) and eGFP (B–D) immunostaining in
ADSC sheet-grafted (A–C ) and ADSC-injected (D) hearts. More cells were detected within the epicardial construct (A–B) and in the infarcted myo-
cardium (C, arrow) after the sheet application compared with direct intramyocardial injections (D, arrows). Bar: 50 mm (A); 25 mm (B–D).


















































endothelial-cell-specific markers but none co-expressed
cardiomyocyte-specific alpha-actinin (Figure 5D– I). Only few c-kit+
cells were identified in each cell-treated group. There was no signifi-
cant difference in the extent of fibrosis and angiogenesis among the
three groups (data not shown).
4. Discussion
The major finding of the present study is that, compared with com-
monly used intramyocardial injections, the epicardial delivery of tri-
layered ADSC sheets is associated with greater numbers of
retained cells, a better preservation of LV geometry, and ultimately,
higher rates of post-infarction survival.
There is now compelling clinical evidence that intramyocardial
injections of cells are overall safe, regardless of whether injections
are made trans-epicardially or endocardially14,15 even though electro-
mechanically guided intramyocardial injections of stem cells or genes
have been reported to cause a significant release of cardiac bio-
markers.16 However, our results draw attention to the fact that
injection-induced myocardial tissue disruption can be more damaging
than it has usually been considered so far, possibly because most
experimental studies commonly report the numbers of animals
dying after the index infarct but often fail to detail mortality rates
occurring during the follow-up period. Regardless of the cell type,
this tissue damage is likely contributed by puncture-induced inflam-
mation along the needle tracks,17 and the formation of multiple intra-
myocardial clusters, which can act as electrical barriers that impair
direct wave propagation and set the stage for malignant arrhythmias.
This could explain why intramyocardial injections of either skeletal
myoblasts or bone marrow-derived cells cause more arrhythmic
events than when the same cells are delivered through the coronary
venous system.18 The potentially detrimental effects of direct
intramyocardial cell injections on electrical stability are further high-
lighted by the recent findings of Song et al.,19 showing that engraft-
ment sites can behave as electroanatomic substrates that initiate
re-entries and are associated with a high (31.6%) rate of post-
infarction sudden deaths in their occlusion–reperfusion rat model.
In the present study, the poorer outcomes after cell injections com-
pared with those of the placebo medium could be explained, in the
latter case, by the expected lack of intramyocardial aggregates and
the fast clearance of the injected fluid. Although injection-induced
tissue damage has been suggested to be volume-dependent,16 this
view is not supported by our finding that reducing this volume by
almost one half failed to alter the mortality rate. Cell size is also unli-
kely to be involved in the poor outcomes of the injection group as
ADSC are not larger than myoblasts or mesenchymal stem cells,
which have already been largely investigated. However, because cell
survival after sheet implantation has been shown to be dose-
dependent,20 we used tri-layered constructs and consequently
injected a higher number of cells than in previous mouse21 or rat
studies9,10 for matching the number of cells harboured in the
sheets. While this increased intramyocardial cell concentration may
have contributed to reduce the survival rate of injected rats and
account for the difference in outcomes compared with previous
studies, it is noteworthy that it failed at preventing adverse LV remo-
delling compared with the epicardial sheet-based delivery approach.
Similar conclusions have actually been made in a hamster model of
dilated cardiomyopathy22 and in a rat model of chronic myocardial
infarction3 where myoblast sheet application was compared with
intramyocardial injections of myoblasts entailing the same dosing
(10 million) as in the present study.
The increased survival rate seen in the sheet group was paralleled
by a greater degree of epicardial cell engraftment, with the caveat that
the identification of donor cells on the basis of their positive staining
Figure 5 Phenotypic characterization of eGFP+-grafted cells. Two months after implantation, eGFP+ cells (green fluorescence, A, D, G) were
co-immunostained with anti-CD68 (B), anti-rat-specific endothelial cell (RECA) (E), and anti-alpha-actinin (H ) antibodies (red fluorescence).
Merged images are shown in panels C, F, and I. Nuclei were stained in blue by DAPI. Bar: 50 mm (A–C, G– I ); 25 mm (D–F ).


















































for CD90 and eGFP may have been partly confounded by two issues:
(i) some CD90-positive cells could be mesenchymal-type host cells
that populated the sheet and (ii) some eGFP-positive cells may be
host macrophages that had uptaken the fluorescent dye released by
transplanted cells upon their death. However, the lack of overlay
between eGFP and CD68, a marker for macrophages (Figure 5),
suggests that this was not at least a consistent event that could inva-
lidate our conclusions on the comparative engraftment rates based on
eGFP positivity. Paradoxically, direct injections even resulted in
smaller numbers of intramyocardial cells than delivery of cell sheets,
thereby confirming a high death rate in the former case and the possi-
bility for some sheet-derived cells to migrate in the myocardium, as
previously shown in other studies entailing the use of epicardially
delivered cell constructs.23–25 Although it is tempting to relate the
greater number of retained cells in the sheet group with the better
preservation of function, the mechanism of action of the cells
remains elusive. As ADSC failed to convert into new cardiomyocytes,
it is likely that grafted cells acted paracrinally on host-associated
tissue-protective signalling pathways. Among others, one attractive
hypothesis is that factors released by sheet-bound cells could reacti-
vate the embryonic developmental programme in the underlying epi-
cardial cells, thereby driving them towards an epithelial to
mesenchymal (EMT) transition that, in turn, could generate new cell
constituents of the heart.26 Our failure to identify a greater
expression of c-kit+, a hallmark of the EMT, in the sheet group
does not exclude this hypothesis as EMT would be expected to
occur transiently early after transplantation, whereas our assessment
was made 2 months later. For that same reason, we did not assess
apoptosis whose histologic patterns have usually waned after
2 months.27 Finally, a paracrine action of the grafted cells on extra-
cellular matrix remodelling is not in contradiction with our finding
of a similar extent of fibrosis across the three groups. Namely, scar
size may have been overestimated in the sheet group because rem-
nants of the sheet containing extracellular matrix and staining posi-
tively for Sirius red could not be distinguished from the
infarct-related fibrosis and were thus integrated in the overall
calculations.
One could argue that the higher mortality seen in the injection
groups simply reflected a natural selection of the animals which, just
by chance, had the initially larger myocardial infarcts. This hypothesis
is not supported by our pre-transplantation echocardiographic
measurements showing similar alterations in LV function in all
groups. Rather, it is conceivable that for a given level of baseline func-
tional impairment, the greater survival rate of cells in the sheet
group25 allowed them to release a greater amount of the cardiopro-
tective factors that have been identified by the characterization of
conditioned media.2 Conceivably, the donor-cell-derived paracrine
effects could have facilitated the stabilization of LV volumes seen in
this study, thereby contributing to reduce heart failure-related mor-
tality. This increased survival of cells when they are patterned in a
sheet form is likely the result of their better cohesiveness and anchor-
ing to the self-secreted extracellular matrix, as suggested by our in
vitro genomic and proteomic findings of the up-regulation of com-
pounds such as Emilin-1 and integrin a-2, both involved in cell-cell
and cell-matrix component adhesion28–31 and tissue inhibitor of
metalloproteinase-1, which is rather involved in the modulation of
extracellular matrix turnover but also in the regulation of cell
growth and apoptosis.32,33 The two and a half greater expression of
phosphorylated Akt in the sheet group compared with suspended
cells is also consistent with the benefits of cell cohesiveness, as
afforded by the sheet, on survival signals and fits with our in vivo
findings of a greater engraftment in the sheet group. A such, these
data sharply contrast with the high rate of apoptotic death inherent
in the proteolytic disruption of the cellular microenvironment,
which occurs when cells are enzymatically detached for injection.34
This assumption is supported by the assessment of cell survival kin-
etics using bioluminescence imaging and showing that adipose
stomal cells rapidly die off after injection in the acutely infarcted
mouse heart.35 The higher engraftment rate seen in the sheet group
could also reflect, in addition to the enhanced survival intrinsic to
the maintenance of intercellular connexions, the avoidance of cell
death induced by the physical stress that cells withstand during
poorly controlled manually operated injections with regard to dur-
ation and pressure. Of note, the better survival of sheet-treated
animals compared with those receiving injections documented in
our ischaemic scenario has also been reported in a hamster model
of dilated cardiomyopathy.22
Thus, our data suggest that in the setting of cardiac surgery, which
offers the unique opportunity to directly manipulate the heart, the
epicardial delivery of a biomaterial might be less traumatic and
more effective than transmyocardial injections. While cell sheets pre-
pared onto temperature-responsive dishes are useful for providing
the proof-of-concept and have the advantage of avoiding the use of
foreign scaffolds, their delicate handling characteristics may preclude
realistic wide-scale clinical applications. Cell seeding onto bioresorb-
able matrices providing a stronger structural support can then rep-
resent an acceptable alternative1 and there is increasing evidence
that the benefits of these constructs are further optimized by popu-
lating them with mixed cell populations (i.e. cells with a cardiomyo-
genic differentiation potential and cells featuring trophic properties)
whose cross-talks may synergize their cardioprotective effects.23–25,36
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